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Building  renovation  is  an  important  aRemative  to  consider 
in  the  Army  real-property  master  planning  process. 

Renovation  may  or  may  not  be  cost-effective  or  feasfete, 
depencHng  on  the  fadlR/s  condRion  and  Rs  abilRy  to  futfiii 
Rs  intended  mission.  Some  quantRative  approaches  exist 
for  measuring  the  potential  value  of  a  building  investment, 
but  quaRtative  factors  generally  weigh  more  heavily  in 
investment  decisions.  While  some  qualRative  benefRs 
can  be  quantRied  in  terms  of  cost,  most  (e.g., 
convenience)  do  not  lend  themselves  to  quantRication  in 
any  practical  way. 

This  research  has  produced  a  comprehensive  set  of 
functional  condRion  attributes,  rating  scales,  and  a 
method  for  weighting  the  attributes.  These  elements  have 
been  integrated  into  a  renovation  decision-support  model 
caHed  RENMOD,  designed  to  help  Army  facility  managers 
more  objectively  measure  the  functionalRy  of  a  facilRy  for 
a  new  mission.  RENMOD  has  been  automated  in  a 
prototype  microcomputer  application. 

Special  professional  expertise  (e.g.,  registration  as  an 
archttect  or  engineer)  is  not  required  for  assessment  of 
most  functional  condRion  attrRMJtes,  but  familiarity  wRh 
Army  regulations,  standard  design  features,  and  design 
guides  wHI  enhance  decisions  an  inspector  makes  using 
RENMOD. 
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A  RENOVATION  DECISION-SUPPORT  MODEL  FOR  EVALUATING  THE  FUNCTIONAL 
CONDITION  OF  ARMY  FACILITIES 


1  INTRODUCTION 


Background 

A  large  percentage  of  the  nation’s  resources  is  used  in  the  construction  and  maintenance  of  facilities. 
Most  facilities,  if  properly  constructed  and  maintained,  have  a  long  physical  life.  Frequently,  a  building 
will  outlive  its  original  purpose,  so  the  owner  must  choose  whether  to  sell,  demolish,  or  reuse  the  building 
for  a  new  purpose.  Renovating  a  building,  whether  to  continue  serving  its  original  purpose  or  to  meet  a 
new  need,  is  costly.  The  building  owner  must  weigh  renovation  decisions  carefully  to  be  sure  renovation 
is  rqrpropriate  and  cost-effective. 

The  U.S.  Army,  as  the  owner  of  a  large  building  inventory,  must  continuously  decide  whether  to 
retK)vate  buildings.  Master  planners  at  Army  installations  plan  for  future  occupancy  needs  by  atudyzing 
facility  requirements  and  developing  a  strategy  to  satisfy  those  requirements.  One  objective  of  real 
property  master  plaruiing  is  to  determine  real  property  deficiencies  and  identify  die  most  econcmiic 
alternative  to  eliminate  that  dcHciency  (Army  Regulation  [AR]  210-20). 

The  process  of  deciding  whether  to  renovate  a  building  is  not  necessarily  straightforward.  What 
criteria  are  used  in  the  evaluation?  How  is  the  value  of  a  building  truly  measured?  These  are  two 
examples  of  the  issues  decisionmakers  must  consider.  While  there  are  established  quantitative  approaches 
for  measuring  the  economic  value  of  building  investments,  there  are  always  qualitative  factors  that  have 
(or  should  have)  a  major  impact  on  the  renovation  decision.  The  functionality  of  buildings  affects 
productivity.  Even  a  minor  productivity  gain  or  loss  can  have  major  cost  consequences.  A  realistic 
assessment  of  a  facility's  capabilities  of  satisfying  its  fimctional  requirements  must  be  made  as  part  of  any 
renovation  decision. 

The  renovation  decision  depends  on  the  physical,  functional  attributes  of  the  building,  and  the 
firumcial  consequences  of  the  renovatiott  The  questions  that  an  evaluation  must  answer  are: 

1.  Is  the  facility  functionally  adequate  to  satisfy  the  mission  requirements? 

2.  Is  renovation  the  best  way  to  satisfy  the  requirement? 

The  only  type  of  information  generally  available  to  the  decisionmaker  is  cost  data,  which  is  quanti¬ 
tative.  However,  the  suitability  of  the  facility  to  its  int^ded  use,  the  efficiency  of  the  building  plan,  and 
aesthetics  are  also  important  in  determining  a  building's  value— and  these  are  qualitative  factors  for  which 
no  data  may  exist.  Both  qualitative  and  quantitative  factors  must  be  included  in  a  renovation  analysis. 
The  U.S.  Army  Construction  Engineering  Research  Laboratories  (USACERL)  was  tasked  to  develop  a 
decisionmaking  method  that  includes  both  qualitative  and  quantitative  information  to  support  more 
effective  renovation  decisions. 
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Objective 


The  objective  of  this  work  was  to  develop  a  model  and  a  metlKxloIogy  for  more  objective  evaluation 
of  a  facility's  functional  adequacy,  to  enhance  an  installation  planner's  ability  to  make  effective  building 
renovation  decisions. 


Approach 

A  search  was  conducted  of  building  economics  literature,  U.S.  Army  Corps  of  Engineers  (USAGE) 
design  guides.  Army  project  development  brochures,  and  sources  of  multiattribute  decision  analysis  theory. 
The  information  was  us^  to  develop  an  initial  model  of  facility  renovation  decisionmaking.  The  robust¬ 
ness  of  the  initial  model  was  tested  using  the  Monte  Carlo  simulation  method. 

Next,  three  weighting  methods  were  assessed  for  application  to  the  decision  criteria.  The  methods 
were  tested  by  a  “knowledgeable  individual”-^K>t  the  decisionmaker  but  a  person  qualified  to  inspect 
facilities  and  consider  renovatiem  planning  issues — to  determine  which  would  be  most  effective  for 
carrying  the  relative  importance  of  each  evaluative  criterion  through  dte  model  and  into  an  effective 
renovation  decisiotL  Six  planners  from  different  Army  mstallations  also  assessed  the  weighting  methods. 
The  method  that  enabled  the  model  to  render  the  most  valid  renovation  decision,  in  the  opinion  of  the 
seven  evalutators,  was  chosen  for  incorporatitHi  into  the  model. 

Experts  in  the  field  then  participated  in  a  workshop  at  USACERL  to  validate  the  basic  structure  of 
the  model,  refitK  details  and  descriptions  of  the  attributes,  and  validate  the  weighting  metlKxl. 

Finally,  the  refined  model — called  RENMOD — was  implemented  as  an  aj^lication  for  desktop 
microcomputers. 

This  report  documents  both  the  develofxnent  of  RENMOD  and  presents  the  firuil  results  of  the  work. 
Figure  1  shows  the  original  building  attribute  tree  structure  that  was  the  basis  for  simulation  and  expert 
critique.  Figure  2  shows  the  revised  attribute  tree  for  RENMOD. 


Mode  of  Tedinoiogy  Transfer 

The  work  reported  here  will  feed  into  research  conducted  under  Work  Unit  FH-AZ3,  “Real  Property 
banning.  Acquisition,  and  Disposal.”  The  findings  of  this  study  will  also  be  shared  with  the  Office  of 
the  Assistant  Secretary  of  the  Army-T^mancial  Managonent  for  possible  itKorporation  into  the  Installation 
Status  Rqmrt,  a  facilities  management  tool  now  being  developed  under  the  direction  of  that  office. 

The  prototype  computer  implementation  of  RENMOD  is  available  from  the  USACERL  Installation 
Planning  Team  (CECTER-FFM),  telephmie  1-800-872-2375.  The  software  requires  Microsoft  Disk 
Operating  System  version  5.0  or  later,  640  kilobytes  of  random  access  memory,  and  at  least  2  megabytes 
of  free  space  on  the  hard  disk. 
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Figure  1.  Original  Building  Attribute  Tree  Structure. 
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2  BUILDING  RENOVATION  DECISIONS 


Renovation  Problem  Definition 

The  tenn  renovation  means  different  things  to  different  people.  To  a  homeowner,  it  means  any 
home  improvement.  To  an  economist,  it  is  any  investment  design^  to  forestall  the  capital  depreciation 
of  a  stracture.  To  an  architect,  it  is  redesign  of  the  facility.  To  a  facility  planner  and  manager,  it  is  any 
facility  improvement  that  satisfies  occupancy  needs  and  allows  that  facility  to  return  to  a  state  of 
usefulness.  Presuming  that  a  facility  was  originally  useful,  renovation  restores  it  to  acceptable  levels  of 
functional  and  technical  performance.  The  focus  of  this  research  is  on  the  evaluation  of  renovation 
projects  firom  the  perspective  of  a  facility  planner  and  manager. 

Renovation  restores  a  facility  to  acceptable  levels  of  functional  and  technical  performance.  It  may 
require  die  rebuilding  of  a  facility,  modernization,  restoration,  or  making  major  improvements  to  a  facility 
to  avoid  the  consequences  of  physical  and  technological  obsolescence.  Ordinary  maintenance  and  repair 
(M&R)  activities  prevent  deterioration  of  a  facility,  whereas  renovation  improves  it. 

Renovation  is  sometimes  combined  with  other  activities,  such  as  conversion  or  addition.  Renovation 
by  itself  means  renewing  a  facility  for  the  same  functional  use,  whereas  renovation  conversion  means  that 
the  purpose  and  use  of  the  facility  is  being  changed  during  renovation. 

Building  renovation  requires  caiNtal  investment,  and  capital  investment  decisions  require  thorough 
analysis.  The  analysis  should  include  an  evaluation  of  buildings  to  determine  whether  there  is  a  need  for 
renovation,  and,  if  so,  which  renovation  alternative  is  best. 

During  die  facilities  plaiming  process,  the  total  facility  requirements  are  identified.  These  include 
both  the  new  requirements  and  requirements  to  address  any  deficiencies  in  the  existing  facilities  inventory. 
After  facility  requirements  are  developed,  the  next  step  is  to  prepare  investment  plans  meeting  those 
requirements.  This  involves  analysis  of  the  requirements,  identification  of  the  alternatives  for  satisfying 
the  requirements,  evaluation  and  comparison  of  the  alternatives,  and  selection  of  die  best  of  the  feasible 
alternatives.  Renovation  is  one  of  the  possible  alternatives. 

Buildings  possess  a  complex  set  of  attributes,  so  planning  for  the  most  efficiency  cannot  be  an  exact 
science.  One  objective  of  Army  installation  master  planners  is  to  identify  real-prx^rty  deficiencies  and 
provide  least-cost  alternatives  to  satisfy  them  effectively.  Planners  must  adequately  evaluate  the  feasible 
alternatives.  Army  policy  is  to  maximize  use  of  existing  adequate  facilities  and  dispose  of  urmeeded 
facilities  (AR  405-70).  This  policy  minimizes  the  need  for  M&R  dollars  while  providing  facilities 
adequate  to  satisfy  Army  requirements.  However,  it  requires  the  evaluation  of  the  existing  facilities  for 
functional  and  fdiysical  adequacy. 

During  the  planning  stage,  there  are  always  a  number  of  ways  to  achieve  the  same  objective.  Often, 
(danners  are  faced  with  solving  a  multicriterion  problem.  Alternatives  based  on  highly  uncertain 
assumptions,  foreca^,  or  cost  estimates  can  lead  to  uncertainties  in  the  life-cycle  cost  estimates  on  which 
the  overall  decision  is  being  based.  Forecasting  future  traffic  patterns,  for  example,  or  estimating  the 
salvage  value  of  a  facility  during  turbulent  economic  or  political  times,  includes  a  large  degree  of 
uncertainty  in  the  calculations.  Most  of  the  benefits  of  facility  construction  and  renovation  are  functional, 
and  qualitative  in  nature.  Although  some  qualitative  benefits  can  be  expressed  in  monetary  terms,  it  is 
not  possible  or  practical  to  express  qualitative  benefits  such  as  convenience,  quality  of  life,  safety,  etc., 
in  monetary  terms. 
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Basic  questions  facility  planners  must  ask  themselves  about  renovation  include: 


1.  How  does  one  determine  whether  a  facility  is  adequate? 

2.  Are  there  any  standards? 

3.  How  can  one  measure  the  qualitative  benefits  of  facility  renovation? 


Evaluation  of  Facilities  for  Renovation 

Theoretically,  it  may  be  assumed  that  with  prc^r  constmction  and  maintmance,  the  life  of  a 
building  could  be  extendi  almost  indefinitely.  In  practice,  however,  buildings  toid  to  have  a  finite 
lifespan.  They  are  frequently  built  to  less-foan-optimal  specifications.  Furthermore,  its  fiitK:tional 
performance  in  relation  to  die  user's  current  needs  often  determines  how  usable  it  is  ccmsidered.  The 
economic  possibilities  of  meeting  new  needs  also  play  a  major  role  in  determining  the  usability  of  a 
building.  Therefore,  buildings  may  become  obsolete  for  three  different  reasons:  physical  deterioration, 
functional  obsolescence,  or  economic  obsolescence  (Stone  1976). 

Physical  Obsolescence 

In  this  condition,  the  building  is  no  longer  useful  due  to  its  physical  deterioration.  Most  buildings 
have  quite  a  long  [diysical  life,  even  with  less-than-adequate  maintenance.  Physical  life  is  defined  as  the 
life  of  the  building's  identity  as  an  individual  useful  structure,  not  the  life  of  one  or  more  of  its  physical 
parts.  The  length  of  time  over  which  it  is  worthwhile  to  continue  M&R  depends  on  how  well  the  building 
meets  the  needs  of  the  functions  to  be  perfonned  within  it,  and  how  economical  it  is  to  operate  the 
building.  Most  buildings  never  teach  the  point  of  [diysical  obsolescence;  they  are  demolished  for  other 
reasons. 

Functional  Obsolescence 

This  is  defined  as  the  point  at  which  a  building  can  no  longer  satisfy  foe  fimctional  requirements 
of  the  user.  Because  operations  and  equiixnait  change  over  time,  so  do  a  facility's  functional 
requirements.  If  the  facility  is  no  longer  use^  to  perform  its  intended  mission,  then  it  is  functionally 
obrolete.  Since  activity  costs  (e.g.,  persormel  salaries,  equipment)  are  much  higher  than  space  costs, 
functional  suitability  is  very  important. 

Economic  Obsolescence 

This  is  defined  as  foe  point  at  which  a  building  is  no  longer  economically  efficient  to  use.  A 
building  is  considered  worth  repairing  or  renewing  if  foe  value  obtained  through  renovation  is  greater  than 
the  value  foat  could  be  obtained  by  demolishing  tl«  building  and  erecting  a  new  one.  Sometimes  it  makes 
good  economic  sense  to  demolish  a  [foysically  sound  building,  if  the  building  is  no  longer  needed.  In 
s(Mne  cases,  cmiversion  of  the  building  to  a  new  use  may  be  mote  economical  if  there  is  a  need  for  sudi 
a  conversiotL  Usually,  maintenance  costs  are  not  high  ermugh  to  seriously  shorten  foe  econmnic  life 
compared  to  its  potenfial  physical  life.  Mote  fierpiently,  a  building's  economic  life  is  shortened  because 
facility  needs  can  be  met  mote  economically  by  rebuilding  or  some  other  mefood. 
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The  Decision  To  Renovate 


When  a  building  reaches  one  of  the  stages  discussed  above,  it  is  time  to  renovate  (if  renovation  is 
the  least-cost  alternative).  Physical,  functional,  and  economic  obsolescence  are  closely  interrelated.  By 
the  time  a  building  is  physically  obsolete,  it  might  already  have  been  fimctionally  and  economically  obso¬ 
lete  for  some  time.  Properly  maintained  facilities  reach  economic  and  functional  obsolescence  before  they 
reach  physical  obsolescence  (Stone  1976).  This  implies  that  functional  or  economic  obsolescence  drive 
most  Elding  renovation  decisions. 

The  evaluation  of  buildings  for  capital  investment  decisions  such  as  renovation  depends  largely  on 
whether  the  building  is  used  by  the  corporate  sector,  die  public  sector,  or  for  residential  purposes.  Each 
sector  has  different  criteria  and  motivations  for  making  renovation  decisions. 

In  the  corporate  sector,  a  facility  is  considered  just  another  cost  factor  in  production.  Investment 
decisions  such  as  renovation  are  the  result  of  the  evaluation  of  competing  capital  investments  and  dK 
allocation  of  capital  between  them,  as  illustrated  by  the  break-even  chart  in  Figure  3.  As  long  as  there 
is  enough  demand  to  produce  at  more  than  pi  volume,  it  is  profitable  for  the  firm  to  be  in  business. 
Assume  that  the  fixed  costs  (Fc)  are  primarily  facility  costs.  If  market  demand  requires  less  than  pi 
volume,  the  cost  to  [Hoduce  is  more  than  the  revenue  it  can  generate,  which  makes  the  facility  worthless 
economically.  If  there  is  a  market  for  considerably  more  than  p2  volume,  it  is  profitable  for  the  firm  to 
increase  investment  on  the  facilities.  The  break-even  chart  is  a  simple,  gr^idiical  representation  diat  shows 
the  decisionmaker  the  effects  of  changing  the  values  of  parameters.  However,  even  business  organizations 
give  some  thought  to  a  building's  appearance  over  and  above  its  value  for  business  purposes. 


200  400  600  800 

Voluma 


Figure  3.  Break-Even  Giai  V 
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Occupants  value  buildings  for  the  satisfactions  they  provide.  Because  so  many  of  these  satisfactions 
are  personal  and  subjective,  it  is  probably  not  possible  to  develop  an  objective  way  to  measure  occupant 
satisfaction  that  ap{4ies  to  everyone. 

Army  facilities  (and  other  public  facilities)  are  designed  to  meet  specific  needs,  and  those  facilities 
are  considered  valuaMe  as  tong  as  they  are  functional.  The  need  for  a  particular  facility  can  be  evaluated 
using  Army  facility  planning  criteria,  and  information  on  existing  facilities  and  types.  Army  facilities  are 
rarely  required  to  sell  products,  and  the  concepts  of  price  and  demand  are  missing,  but  “capacity"  has  a 
definite  meaning.  Army  building  projects  are  usually  undertaken  for  functional  or  social  reasons,  and  so 
the  idea  of  profit  as  understood  in  the  private  sector  is  also  irrelevant.  In  jHace  of  these  missing  corporate 
objectives,  public  facilities  generally  focus  on  two  other  goals:  planning  (to  obtain  good  value  for  the 
money  spent)  and  evaluation  (to  determine  whether  the  [noject  is  worthwhile). 

The  decision  to  renovate,  as  a  capital  investment  decision,  must  consider  all  relevant  costs  and 
benefits  of  a  project  investment  over  its  full  life.  The  relevant  costs  include  initial  investment  costs,  M&R 
costs,  and  operational  costs.  If  properly  estimated,  the  life-cycle  cost  of  a  building  represents  all  these 
costs  over  the  economic  analysis  period,  at  an  iq^ropriate  discount  rate.  Because  Army  facilities  (and 
odier  puUic  buildings)  are  plarmed  to  meet  specific  nekis  and  are  considered  to  have  value  as  long  as  they 
are  fimctional,  a  number  representing  a  level  of  functional  conditioi  may  be  treated  as  an  indicator  of  the 
overall  benefits  an  owner  derives  from  a  facility. 

The  value  of  a  facility  toward  satisfying  a  requirement  is  determined  by  its  f^ysical  condition, 
functional  condition,  and  die  suitability  of  its  loc^on.  Physical  condition  assessmoit  of  a  facility 
addresses  the  condition  of  the  building's  components.  Condition  assessment  methods  and  guidance  can 
be  provided  by  engineered  management  systems  (EMSs)  such  as  BUILDER,  developed  by  the  U.S.  Army 
Construction  Engineering  Research  Laboratories  (USACXRL). 

Location  is  another  important  factor  in  determining  the  usability  of  a  building.  Availability  of 
utilities,  access  roads,  and  land-use  (Army  “zoning")  compatibility  are  some  of  the  factors  that  determine 
suitability  of  location.  The  overall  fimctional  value  of  a  facility  depends  on  its  functional  suitability, 
fdiysical  condition,  and  location. 

The  type  of  information  available  about  a  given  facility  generally  pertains  to  its  {Aysical  conditiotL 
Methodologies  for  measuring  and  evaluating  functional  condition  and  location  suitability  are  not  available. 
The  factors  determining  functional  condition  and  suitaUlity  of  location  are  qualitative,  and  largely 
subjective  in  nature.  The  development  of  a  methodology  to  assign  a  value  to  these  subjective  factors  is 
a  complex  task. 


The  Decisionmaking  Process 

Dedsitm  analysis  methods  provide  an  organized  qiproach  to  such  decisionmaking  problems. 
Structuring  complex  values  in  the  form  of  a  value  tree  that  hierarchically  relates  general  areas  of  cormem 
with  specific  evaluation  criteria  is  the  first  step  of  the  process  (Keeney  1982,  pp  803-838).  Objectives, 
attributes,  and  values  have  to  be  identified  in  the  development  of  the  value  structure. 

The  broad  overall  objective  for  functitmal  condition  evaluatitm  is  to  determine  functional  adequacy. 
Detailed  objectives  include  building  layout  Stability,  engineering  systmns  suitability,  safety,  security, 
physical  condititm,  location,  etc.  These  subobjectives  are  further  broken  down  into  lower-level  objectives. 
An  attribute  is  associated  with  each  objective  and  subobjective  to  indicate  the  degree  of  fulfillment  in  the 
partictilar  facility  being  evaluated. 
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A  comprehensive  set  of  attributes  to  objectively  measure  the  functionality  of  a  building  is  being 
developed  at  USACERL.  The  selected  attributes  are  based  on  Army  guidance  (DG  1110-3-104;  TM 
5-803-5),  Architectural/Engineering  Instructions  (AEI)  Manual  (HQUSACE  1989),  USAREUR'  Space  and 
Planning  Manual  (Nakata  Planning  Group  1983),  Army  Criteria  Tracking  System  (ACTS),  elements  of 
the  project  development  brochure  (PDB),  American  Society  for  Testing  and  Materials  (ASTM)  standards 
on  serviceability  of  facilities  (Ventre  1990),  and  workshops  with  installation  representatives. 

This  system  of  attributes  includes  a  weighting  system  to  indicate  the  relative  importance  of  each 
factor.  Because  most  of  the  attributes  are  subjective,  an  index  had  to  be  constructed  to  account  for 
subjectivity.  A  standard  minimum  level  of  functional  condition  is  specified  for  each  attribute  to  represent 
the  threshold  value  required  for  functional  condition.  Those  values  are  aggregated  to  obtain  an  overall 
score  that  serves  as  a  minimum  required  value  that  must  be  met  before  acceptance  of  a  facility  as 
functionally  adequate.  The  overall  functional  condition  score  of  a  selected  facility  is  also  obtained  in  a 
similar  way. 

The  condition  of  the  facility  to  meet  a  general  requirement  (e.g.,  housing  an  administration  function) 
requires  general-purpose  evaluation  of  the  facility  against  some  criteria,  standards,  or  rules  of  thumb.  The 
criteria  for  diis  kind  of  evaluation  come  from  Army  regulations,  standard  designs,  design  guides,  or 
industry  standards.  Building  attributes  are  evaluated  against  these  criteria  to  compare  and  analyze  the 
fulfillment  of  these  objectives  or  criteria. 

The  functional  condition  of  a  facility  to  meet  the  demands  of  a  particular  mission  requires  in-depth 
analysis  of  the  user  requirements.  The  functional  criteria  for  satisfying  user  requirements  are  to  be 
established.  The  PDB  is  used  to  defme  functional  requirements  for  Army  facilities  (TM  5-8(X)-3). 
Intelligent  PDB  (IPDB)  is  an  automated  system  that  helps  users  define  these  functional  and  technical 
requirements.  The  evaluation  of  a  facility  against  PDB  requirements  analyzes  the  functional  ccmdition  of 
that  facility  to  satisfy  its  mission.  All  special  requirements  must  be  taken  into  consideration  in  this 
evaluation. 

It  can  be  seen  that  there  is  a  need  to  evaluate  facilities  at  different  levels  of  detail  to  satisfy  the 
planners'  different  information  requirements.  If  a  facility  is  judged  adequate  to  satisfy  its  mission 
requirements,  then  it  is  not  functionally  obsolete. 

Economic  obsolescence  can  be  evaluated  through  traditional  methods  of  economic  analysis.  These 
include  life-cycle  cost  analysis,  break-even  analysis,  savings-to-investment  ratio,  discounted  payback 
period,  equal  uniform  annual  costs,  and  net-benefits  analysis. 

The  life-cycle  cost  method  involves  the  discounting  of  all  expected  future  negative  and  positive  cash 
flows  to  present  value  using  an  appropriate  discount  rate. 

Break-even  analysis,  as  discussed  previously  (Figure  1),  is  also  represented  quantitatively,  and  is 
applicable  mostly  to  the  corporate  sector. 

Savings-to-investment  ratio  is  used  to  project  the  savings  to  result  from  an  initial  investment  It 
expresses  die  ratio  of  discounted  savings  resulting  from  the  new  investment  to  the  original  amount  of  the 
investment  For  an  investment  to  be  economically  sound,  the  savings-to-investment  ratio  must  be  greater 
dian  1:1  (e.g.,  2:1). 


TJSAREUR:  U.S.  Army  Europe. 
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Payback  period  analysis  identifies  the  time  required  for  the  cumulative  savings  from  a  project  to 
offset  the  investment  costs.  Discounted  payback  period  analysis  is  often  used  in  conjunction  with  savings- 
to-investment  ratio.  Equal  uniform  aimual  cost  is  an  approach  for  evaluating  alternatives  with  an  unequal 
period  of  analysis.  It  expresses  all  life-cycle  costs  and  tenefits  for  each  alternative  in  terms  of  an  average 
annual  expoise  (Neathammer  and  MacLean  1988). 

The  methods  discussed  so  far  are  helpful  for  evaluating  alternatives  in  terms  of  moiretary  value,  but 
do  not  provide  information  on  the  qualitative  factors  that  must  be  considered  in  the  decisiort 

The  net-benefits  method  expands  life-cycle  cost  analysis  to  include  benefits.  Because  this  type  of 
evaluafitm  considers  both  costs  arid  benefits,  it  attempts  to  measure  economic  efficioicy  rather  than  cost 
effectiveiiess  (which  addresses  the  least-cost  solution  without  considering  benefits).  The  net  benefit  is 
calculated  as  present-value  benefits  minus  present-value  costs  (Lippiat  and  Weber  1992).  Net-benefit 
analysis  requires  benefits  to  be  expressed  as  monetary  values,  but  some  qualitative  factors  are  impossible 
to  evaluate  in  mtmetaiy  terms.  One  proposed  new  facility  may  fit  better  into  the  landscape  than  another, 
but  this  advantage  may  be  impossible  to  express  in  monetary  terms. 

P.A.  Stone  suggests  the  costs-in-use  tedinique,  which  puts  all  measurable  components  on  cme  side 
of  the  balance  (in  die  form  of  cost  items),  to  be  evaluated  against  a  value  judgment  oa  appearance, 
comfort  and  ctmvenience  (Stone  1980).  He  describes  foe  costs-in-use  technique  to  estimate  foe  cost 
consetpiences  of  building  designs  against  which  foe  subjective  judgments  of  ^ipearance,  cranfort  and 
cmivenience  can  be  s^ 

Multiattribute  decision  analysis  permits  more  than  orre  criterion  to  be  considered  in  a  deciskm.  This 
approach  provides  an  alternative  to  develt^iing  monetary  measures  of  qualitative  benefits,  as  required  by 
net-benefit  analysis.  Multiattribute  analysis  limits  tire  effect  of  subjectivity  in  the  costs-in-use  technique 
by  using  a  stnictured  decision-analysis  approach. 

When  a  treed  for  renovation  is  determined,  all  feasible  renovation  alternatives  must  be  ittentified. 
Life-cycle  cost  data  and  the  functional  condition  index  of  foe  alternatives  should  be  used  to  identify  foe 
besttMie. 

The  steps  of  the  renovation  decision  process  may  be  summarized  as  follows: 

1.  Conduct  a  ufilization  survey  and  requirnnents  aiudysis  to  determine  whether  foe  facility  is 
needed.  If  foe  facility  is  not  needed,  it  is  assumed  foat  it  will  be  disposed  of.  If  foe  facility  is  rree^, 
foe  following  steps  are  required. 

2.  Assess  the  functional  condition  of  the  facility.  If  it  is  fimclionally  adequate  and  ecotwmically 
efficient,  foen  it  does  not  require  renovatiotL  The  decision-support  model  being  developed  at  USACBUL 
will  be  useful  to  evaluate  the  functional  adequacy  of  a  facility.  Economic  analysis  can  be  used  to  compare 
foe  life-cycle  costs  of  foe  alternatives  to  foose  of  the  status  quo,  to  evaluate  foe  economic  efficioicy. 

3.  Idoitify  all  alternatives  to  roiovatkm  for  foe  facility.  Relocatirm,  renovation  of  other  facilities, 
diversion,  cmiversion,  lease,  and  rrew  constructirm  are  the  possible  alternatives. 

4.  Assess  the  functional  adequacy  of  each  alternative.  If  the  functional  adequacy  of  any  alternative 
is  below  the  threshold  value,  fotm  it  is  not  a  sound  alternative.  This  step  identifies  the  feasiUe 
alternatives. 
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5.  Perform  economic  analysis  on  the  feasible  alternatives.  Compare  the  life-cycle  costs  and 
functional  adequacy  values  of  the  alternatives,  then  select  the  most  desirable  alternative. 


Tools  Available  To  Assist  in  Renovation  Decisions 

Hk  authors  surveyed  the  literature  and  other  sources  to  detennine  the  current  availability  of  systems, 
models,  and  technologies  for  supporting  building  rmovation  decisions.  Several  computer  systems  and 
models  for  gawral  facility  plaiuiing  and  management  are  available.  They  range  from  simple  information 
maiugement  systems  to  expert  systems.  There  are  building  inventory  management  systems,  maintoiance 
management  systems,  and  planning  criteria  tracking  systems.  Survey  findings  indicate  that  there  is  little 
research  underway  dedicate  to  evaluation  of  the  functional  condition  of  facilities.  The  following  sections 
summarize  the  findings. 

BUILDER 

The  BUn^DER  system  is  being  developed  by  USACERL  to  help  managers  effectively  maintain  the 
physical  components  of  a  facility.  The  goal  of  this  system  is  to  use  engineering  technology  to  detennine 
v^n,  where,  and  how  best  to  maintain  facilities.  It  e^aUishes  building  maintenance,  physical  condition, 
and  performance  standards.  It  requires  knowledge  of  the  building  sizes,  types,  interrelationships  of 
component  parts,  and  the  condition  of  the  physical  cmnponents.  Following  inspection,  each  BUILDER- 
defiried  component  will  be  assigned  a  condition  index  rating.  The  Building  Cor^ition  Index  (BQ)  would 
be  establish^  by  aggregating  the  component  indexes  into  a  single  composite  index  for  an  entire  building. 
It  uses  database  technology  for  decision  support. 

XPLANNER 

xn.ANNER  is  a  knowledge-based  decision-suf^rt  system  for  the  areas  of  facility  management 
and  plarming.  It  was  developed  as  a  research  project  for  selected  facilities,  and  is  not  fully  implementable 
to  cover  all  Army  facility  types.  The  focus  is  on  urban  plarmers  and  their  problem-solving  tasks.  The 
XPLANNER  classifies  facilities  into  several  categories,  based  on  physical  conditioa  It  estimates  facility 
requirements  using  its  knowledge  about  the  space  allocation  standards.  XPLANNER  is  an  integrated 
dedsion-support  system  using  database  management  technology,  expert  system  technology,  and  modeling 
techniques. 

Intelligent  Project  Development  Brochure  (IPDB) 

A  inoject  development  brochure,  or  PDB,  is  a  document  used  in  Military  Construction,  Army 
(MCA)  inojects  to  communicate  die  unique  requirements  of  facilities  to  the  architects  who  will  design 
them.  Information  about  the  needs  of  the  future  users  of  the  facilities  is  gathered,  processed,  analyzed, 
and  documented  during  this  predesign  stage  in  PDB.  IPDB  is  a  system  develops  by  USACERL  to 
automate  most  of  these  tasks  and  prepare  the  PDB.  The  system  helps  determine  the  requirements  of  the 
fadlity  using  data  about  the  activities,  equipment,  and  personnel  of  the  intended  occupants.  The  content 
and  iiitelljgence  of  die  system  crane  from  Army  regulations,  technical  manuals,  design  guides,  and  other 
literature.  The  finished  PDB  generated  by  IPDB  contains  fimctional  and  technical  requiremoits  of  the 
facility  users. 

ECONPACK 

ECONPACK  is  a  computer-based  economic  analysis  system  that  performs  life-cycle  cost  calculations 
sudi  as  nrt  present  value,  equivalent  unifonn  annual  cost,  savings-to-investment  ratio,  and  discounted 
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payback  period.  It  has  the  capability  to  perform  cost-sensitivity  analysis  and  discount-rate-soisitivity 
analyas.  The  output  reports  conform  to  current  Department  of  Defense  (DOD)  guidance  cm  project 
fdanning  and  ctptal  investment  decisions.  The  purpose  of  these  economic  analyses  is  to  identify  the  least- 
cost  alternative  using  life-cycle  costs. 

Other  Related  Systems  and  Research 

ACTS  and  the  Facilities  Plarming  System  provide  criteria  and  requirements  for  typical  facility  types 
listed  in  AR  415-28.  Design  Criteria  Information  System  (DCIS)  provides  design  criteria  to  the  designers 
of  typical  facility  types.  The  Real  Property  Planning  and  Analysis  System  (RPLANS)  provides  planners 
with  aiudysis  tools  integrating  the  above  criteria  tracking  systems,  cost-estimating  databases,  and  building 
inventory  management  systems  (Integrated  Facilities  System-Mini/Micro  [IFS-M],  Desktop  Resource  for 
Real  Property  [DR-REAL]). 

ASTM  Subcommittee  E06.25  is  developing  rating  scales  for  comparing  the  performance  and 
serviceability  of  office  facilities. 

All  the  above  systems  and  model*'  were  developed  for  a  specific  task:  BUILDER  for  M&R 
decisions,  ECONPACK  for  economic  analyses,  ami  die  others  to  provide  general  assistance  to  the  planner 
in  analyzing  the  facility  requirements.  The  only  existing  system  addressing  the  functiorud  requirements 
to  satisfy  a  mission  is  IPDB.  Renovation  decisions  retire  information  and  analysis  exceeding  the 
ciqiaUlities  of  all  the  above  systems.  The  Army  needs  a  tool  to  evaluate  user  requirements,  facility 
condition,  and  the  economic  impact  of  renovation  compared  to  all  other  alternatives  for  satisfying  the 
requirement 


ProUem  Areas  and  Requirements  for  Other  Tools 

A  look  at  the  steps  in  the  renovation  decision  process  reveals  problem  areas  and  a  need  for 
additional  tools.  As  discussed  previously,  the  first  step  is  to  determine  n^  through  a  utilization  survey 
and  requirements  analysis.  The  requirements  analysis  includes  the  identification  of  missions  and 
organizations  to  be  supported,  identification  of  real  property  requirements  and  existing  assets,  and 
determination  of  deficiencies  and  excesses.  RPLANS  provides  most  of  the  necessary  tools  to  perform  a 
requirements  analysis,  using  real  property  inventory  data,  stationing  data,  and  facility  allowances.  All 
irqrut  to  RPLANS  is  quantitative.  Qualitative  information  about  facilities  (e.g.,  functional  adequacy)  is 
not  taken  into  account  in  an  RPLANS  analysis. 

Step  2  of  the  renovation  decision  process  is  assessing  the  facility's  functional  adequacy.  There  are 
no  established  uniform  data  on  functional  adequacy  requirements.  As  mentioned,  ASTM  Subcommittee 
E06.25  is  working  on  measuring  the  performance  and  serviceability  of  office  Imiidings,  but  the  authors 
know  of  no  other  research  underway  on  methods  for  evaluating  the  fimctional  condition  of  a  facility. 

Buildings  possess  a  complex,  interdependent  set  of  attributes.  Measurement  of  functional  adequacy 
must  include  a  comi»ehensive  evaluation  of  these  attributes  in  relation  to  each  other.  Because  most  of 
these  attributes  are  qualitative  and  perceived  subjectively,  objective  measurement  of  functional 
performance  is  a  very  complex  task.  TIk  mote  complex  the  t^,  the  more  difficult  it  is  to  decide  which 
altemative  offers  the  best  value  for  money. 

Rating  scales  and  methods  are  neetted  to  measure  these  attributes  individually,  and  to  measure  the 
facility’s  overall  functional  performance.  Such  a  rating  approach,  while  not  empirically  exact,  does  allow 
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(MK  to  develop  consistent  ratings  and  a  structured  method  to  objectively  measure  overall  functional 
adequacy.  However,  the  guidance,  methods,  or  tools  to  measure  hinctional  adequacy  are  not  available. 

Identification  of  all  available  alternatives  is  Step  3  of  the  decision  process.  During  the  plaiming 
stage,  there  is  always  more  than  one  possible  way  to  achieve  the  same  objective,  so  the  best  has  to  be 
chosen.  The  installation  can  identify  the  overutilized,  underutilized,  and  vacant  facilities  from  the  aiuiual 
real  property  utilization  survey.  If  a  facUity  is  underutilized,  and  that  category  of  facilities  is  underutilized, 
the  facility  is  not  required.  The  organizadon  or  activity  may  be  relocated  to  a  more  suitable  facility  in 
the  same  category,  and  the  existing  facility  can  be  converted  to  another  use  or  disposed  of.  In  this 
hypothetical  case,  then,  relocation  to  another  facility  is  one  possible  alternative  to  renovation  of  die  facility 
being  evaluated. 

However,  it  is  also  possible  that  other  facilities  in  diat  category  are  not  functionally  adequate,  eidier. 
Then  renovation  of  the  current  fragility  and  renovation  (or  conversion)  of  other  facilities  are  possible 
alternatives.  If  the  facility  is  fully  utilized,  but  the  facility  category  is  underutilized,  relocation  to  a  more 
suitable  facility  is  another  possible  alternative.  If  the  facility  category  is  overutilized,  then  compatible 
facilities  in  other  categories  may  also  be  alternatives  to  renovation  of  the  current  facility.  Leasing  and  new 
constnicdon  are  two  other  possible  alternatives. 

Information  on  existing  assets  and  off-post  facilities  are  the  main  sources  for  identifying  alternatives. 
Facility  type,  location,  condition,  utilization,  and  the  availability  of  leasable  off-post  facilities  are  evaluated 
in  die  identificatitm  of  alternatives.  IFS-M  or  DR-REAL  provide  the  information  on  existing  assets.  The 
odier  information  is  gathered  through  special  studies  and  coordination  with  off-post  agencies. 

Step  4  of  the  renovation  decision  process  is  to  assess  the  functional  adequacy  of  the  alternatives. 
As  discu^ed  previously,  if  the  functional  condition  of  an  alternative  is  below  the  threshold  value,  (ben 
it  is  not  a  sound  alternative.  Relocation  to  another  facility  is  not  a  valid  alternative  if  its  furKtional 
condititHi  for  the  selected  purpose  is  below  the  threshold  vsdue.  Similarly,  the  status  quo  is  not  a  valid 
alternative  if  the  current  facility  is  not  functionally  adequate.  But,  renovation  of  each  of  these  facilities 
is  an  alternative  since  functional  condition  can  be  improved  through  renovatioa 

Step  5,  the  final  step,  is  to  perform  an  economic  analysis  on  the  feasible  alternatives.  The  life-cycle 
costs  and  functional  condition  values  of  the  alternatives  are  compared  to  make  an  informed  decisioa 
ECONPACK  can  perform  several  types  of  economic  analysis  for  comparing  life-cycle  costs.  USACERL 
Technical  Report  P-89A)8  describes  the  process,  and  training  for  ECONPACK  is  available  through 
USACE. 


19 


3  A  VALUE  STRUCTURE  FOR  MEASURING  FUNCTIONAL  CONDITION 


Multiple-Criteria  Analysis  and  Functional  Condition 

Objective  measurement  of  functional  condition  in  a  building  is  a  complex  task  that  involves  two 
basic  goals: 

1.  Selecting  a  course  of  action  from  among  multiple  alternatives 

2.  Making  the  selection  based  on  consideration  of  multiple  criteria. 

Normally,  an  alternative  will  not  perfectly  meet  all  of  the  relevant  criteria.  The  best  alternative  is 
defined  by  the  tradeoffs  required  between  relative  value  and  disadvantages.  Such  a  decisionmaking  task 
requires  fairly  disciplined  procedures  and  analytical  processes  to  ensure  that  the  best  alternative  has  been 
selected,  based  on  all  available  information  on  the  qualitative  and  quantitative  attributes  of  each.  This  type 
of  decisionmaking  task  generally  requires  multiple-criteria  analysis. 

Two  i^iases  of  the  analysis  and  evaluation  process  play  an  especially  important  role  in  identifying 
the  best  course  of  action  in  facilities  plaiming  and  management  decisions.  The  first  is  a  formal  analysis 
of  the  tradeoffs  to  determine  the  fimcticmal  condition  of  a  facility.  A  facility  will  have  its  own  strong  and 
weak  points  in  relation  to  each  of  several  pertinent  objectives,  and  the  task  is  to  systematically  and 
completely  assess  die  functional  condition  of  the  facility  with  respect  to  those  objectives.  The  secot^  key 
phase  is  the  estimation  of  life-cycle  costs.  While  finaricial  criteria  such  as  least-cost  are  not  likely  to  be 
the  sole  determinant  of  the  best  course  of  action,  they  are  sure  to  play  a  central  role.  Life-cycle  costs 
together  with  functional  condition  value  can  determine  the  best  course  of  action  from  among  several 
alternatives.  Guidance  and  training  on  this  second  phase-the  estimation  of  life-cycle  costs— is  available 
through  USAGE  (Neathammer  and  MacLean  1989).  This  report  focuses  on  the  first  of  the  two 
phases — the  assessment  of  functional  conditiotL 

The  broad  overall  objective  of  this  evaluation  is  to  accurately  determme  a  building's  functional 
condition.  Detailed  subobjectives  include  accurate  evaluation  of  building  layout  suitability,  engineering 
systems  suitability,  safety,  security,  [diysical  condition,  etc.  These  subobjectives  are  further  Inoken  down 
into  lower-level  subobjectives.  An  attribute  is  associated  with  each  one  of  these  low-level  subobjectives 
to  help  objectively  indicate  how  suitable  a  facility  may  be  to  fulfill  its  mission. 

During  the  development  of  these  attributes  and  the  hierarchical  structure  for  evaluating  functional 
conditiai,  care  has  to  be  taken  to  include  all  relevant  factors  into  the  arudysis  wliile  preserving 
indqroideiKe  among  the  criteria  as  much  as  possible.  Independence  of  attributes  is  consider^  a  key  to 
the  validity  of  the  evaluation  process  because  it  helps  to  avoid  putting  too  mudi  weight  on  factors 
included  in  overiqrping  criteria. 


Categories  of  Attributes 

The  functional  attributes  of  a  facility,  combined  with  its  physical  and  location  attributes,  determine 
ttte  overall  adequacy  of  a  facility  to  satisfy  its  mission  requirements.  Rgure  4  lists  facility  ctMidition 
attributes.  Facility  corulition  can  be  subdivided  into  [diysical  ctmdition,  functional  condition,  sad  suitabil¬ 
ity  of  locatitHL  Aysical  condition  ^lies  to  the  overall  condition  of  the  structure  and  its  engineering 
systems.  A  component  is  considered  to  be  in  poor  condition  when  repair  or  replacemmt  is  required  to 
bring  it  back  to  good  operational  condition.  Functional  condition,  on  the  ofoer  hand,  qiplies  to  the 
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Figure  4.  Facility  Condition  Factors. 

usability  of  that  facility  for  a  selected  missioa  including  such  characteristics  as  suitability  of  building 
layout,  suitability  of  engineering  systems  to  support  mission-related  activities,  and  other  factors  affecting 
the  usability  of  that  facility  for  the  intoided  purpose.  Suitability  of  location  to  the  selected  missirai  applies 
to  issues  sudi  as  land-use  compatibility,  envircxunaital  concerns,  zoning,  etc. 


Physical  Condition 

A  hierarchy  of  attributes  for  physical  condition  evaluation  of  a  facility  can  be  incorporated  into 
engineered  management  systems  (E^s)  such  as  the  USACERL-developed  BUILDER  (UzarsU  et  al.,  July 
1990).  EMSs  define  physical  attributes  as  building  components  and  sidKomponents.  hi  BUILDER,  the 
top-level  attributes  for  piiysical  condition  evaluatioi  are: 

1.  Structure 

2.  Roofing 

3.  Exterior  closure 

4.  Interior  construction 

5.  Exterior  painting 

6.  IrUerior  painting 


21 


7.  HVAC  system 

8.  Electrical  system 

9.  Plumbing  system 

10.  Other. 

Assessment  of  these  10  categories  of  facility  components  will  define  the  current  i^ysical  condition 
and  maintenance  requirements.  A  Building  Condition  Index  (BCI)  is  being  developed  for  BUILDER  to 
help  calculate  overall  building  physical  ccmdition. 


Functional  Condition 

The  following  breakdown  of  building  attrilHites  provides  a  framework  for  classifying  facilities 
according  to  die  functionality  they  provide  their  occupants.  Not  all  attributes  apply  to  all  facilities,  Init 
taken  together,  these  attributes  can  represent  the  overall  functional  condition  of  a  facility.  Seventeen  top- 
level  attributes  have  been  identified,  some  of  which  include  subcategories: 

1.  Functional  spaces 

—  Dimensions  of  functional  spaces  (quantitative) 

—  Layout  of  functional  space 

2.  Suf^ning  spaces 

—  Dimensions  of  sufqxitting  spaces  (quantitative) 

—  Layout  of  supporting  spaces 

3.  Ceiling  Height 

4.  Access  to  material  and  equiiment 
—  Width  and  height  of  doors 

—  Circulation  (corridor  width,  etc.) 

5.  Handicap  access 

6.  Floors 

—  Floor  load  ratings 
—  Floor  finishes 

7.  Health  and  safety 
—  Rre  safety 

—  Health  hazards  (asbestos,  radon,  indoor  air  pollution,  etc.) 

—  Operational  safety 

8.  Grounds 
—  Parking 

—  Accesidbility  to  vehicles 
—  Landscaping 
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9.  Sound  and  visual  environment 
—  Acoustics 

—  Lighting  and  glare 

10.  Electrical  service  and  fixtures 
—  Building  power  supply 

—  Power  distribution 
—  Adequacy  of  fixtures 

11.  Water  and  plumbing 
—  Water  supply 

—  Plumbing  system 

12.  HVAC  (heating,  ventilating,  and  air  conditioning)  system  suitability 
—  Temperature  and  humidity  control 

—  Ventilation 

13.  Built-in  equipment 

14.  Security 

15.  Communications 

16.  Environmental  impact 

17.  Aesthetics  and  image 
—  Exterior  appearance 

—  Appearance  of  public  spaces 
—  Ai^arance  of  interior  spaces. 

These  17  top-level  attributes  can  be  used  (1)  to  analyze  the  capability  of  a  facility  to  perform  to  a 
required  level  of  fimctionality  or  (2)  to  compare  the  functionality  of  different  buildings  to  perfonn  a 
specific  mission.  In  other  words,  these  attributes  can  be  used  to  estimate  the  functional  cmidition  of 
alternatives.  Because  the  functionality  of  a  building  affects  the  productivity  of  its  occupants,  an  assess¬ 
ment  of  functional  value  must  be  considered  in  any  economic  evaluation  of  potential  capital  investment 
in  a  facility. 

The  following  paragraphs  explain  the  attributes  in  more  detail. 

Functional  Spaces 

Functional  spaces  are  the  spaces  needed  to  perfonn  the  required  mission.  In  an  administration 
building,  the  functional  spaces  will  include  office  space,  conference  areas,  and  other  mission-critical 
spaces.  In  a  warehouse,  they  will  include  storage  areas,  shipping  and  receiving  areas,  etc.  The  suitability 
of  functiorud  spaces  is  measured  both  by  lower-level  quantitative  and  qualitative  aspects:  (1)  dimensions 
and  availabUity  of  functional  s|»ces  (quantitative)  and  (2)  layout  of  functional  space  (qualitative).  The 
quantitative  attribute  considers  whether  the  space  is  available,  what  its  dimensions  are,  etc.  The  qualitative 
attribute  addresses  the  shape  of  the  space,  how  it  is  laid  out,  and  to  what  it  is  adjacent. 
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Supporting  Spaces 

Suf^iting  spaces  are  the  spaces  required  to  su{^rt  (as  o|^sed  to  perfoim)  mission-critical 
functions.  These  spaces  include  restrooms,  janitor  rooms,  personnel  lounges,  and  flrst-aid  rooms. 
Supporting  spaces  may  be  dedicated  to  activities,  personnel,  or  equipment.  As  with  functional  spaces,  the 
suit^ility  of  suf^rting  spaces  is  also  measured  according  to  quantitative  and  qualitative  criteria. 

Ceiling  Height 

This  attribute  may  be  critical  to  performing  required  functions— or  it  may  prevent  performance  of 
these  functions. 

Access  to  Material  and  Equipment 

This  attribute  is  to  measure  the  accessibility  of  spaces,  equipment,  and  materials  within  a  building. 
The  corridors  and  access  doors  are  evaluated  for  accessibility.  The  lower-level  attributes  are  door 
dimensions  (width  and  height)  and  circulation  (corridor  width). 

Handicap  Access 

This  attribute  evaluates  a  facility's  compliance  with  requirements  for  access  by  handicapped 
ndividuals. 

Floors 

This  top-level  attribute  evaluates  the  suitability  of  a  building's  floors  to  perform  the  required 
missions.  The  suitability  of  floor  loads  and  finishes  are  evaluated  separately  as  lower-level  attributes. 

Health  and  Safety 

This  attribute  is  to  measure  the  overall  health  and  safety  aspects  of  a  facility.  The  lower-level 
attributes  are  fire-safety  features,  health  implications  of  building  materials  or  type  of  construction,  and 
operatitHial  safety.  Assessment  of  the  facility's  compliance  with  National  Fire  Protection  Association 
(NFPA)  life-safety  codes  and  Army  fire-safety  requirements  are  the  componmits  of  Are-safety  attribute. 
Health  hazards  from  asbestos,  chemical  fumes,  smoke,  radon,  etc.,  are  evaluated  under  the  health-risk 
attribute.  Safety  features  related  to  the  building's  sel«;ted  mission  are  evaluated  under  operational  safety. 

Grounds 

This  attribute  addresses  the  site-related  attributes  that  can  affect  the  use  of  a  facility.  This  attribute 
does  not  evaluate  the  overall  location  factors,  but  addresses  speciAc  site-related  factors.  The  lower-level 
attributes  are  parking  availability,  access  driveways  and  curbs,  and  the  condition  of  landsctqiing  at  the  site. 

Sound  and  Visual  Environment 

Distractions  or  disruptions  due  to  the  noise  or  poor  visual  environment  (too  much  glare,  unattractive 
paint,  etc.)  are  covered  under  this  attribute. 
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Electrical  Service  and  Fixtures 


The  suitability  of  tlK  electrical  syston  to  suiqx>rt  a  facility's  intended  mission  is  covered  under  this 
attribute.  Power  supply,  power  distribution,  and  dK  adequacy  of  fixtures  are  the  lower-level  attributes. 
Is  the  power  supply  sufficient  to  perform  the  functions  efficiently?  Is  the  facility  suitable  to  perform  the 
required  functions  with  existing  power  distribution  and  fixtures? 

Water  and  Plumbing 

The  suitability  of  the  water  supply  and  plumbing  system  to  perform  the  required  functions  is  covered 
under  this  attribute. 

HVAC  Suitability 

This  attribute  is  for  evaluating  the  suitability  of  the  temperature,  HVAC  controls,  and  humidity  to 
performing  a  facility's  required  functions.  The  mechanical  condition  of  the  HVAC  system  itself  is  not 
covered  under  this  attribute,  but  rather  the  suitability  of  the  indoor  environment  produced  by  die  system. 

Built-In  Equipment 

If  built-in  equipment  is  required  for  a  building's  mission,  it  is  evaluated  under  this  attribute. 
However,  this  attribute  often  is  not  applicable  to  typical  functional  uses. 

Security 

A  building’s  security  features  are  evaluated  under  this  attribute. 

Communications 

The  communications  features  of  the  building  are  evaluated  for  the  fimctioruil  use  of  the  facility. 
Environmental  Impact 

Environmoital  impact  resulting  from  the  facility's  fimctional  use  is  covered  under  diis  attribute. 
Aesthetics  and  Image 

This  attribute  addresses  a  facility's  appearance.  Some  missions  require  an  appealing  view  from 
inside,  public  spaces  that  project  a  good  image,  and  attractive  work  areas  and  interior  ^aces. 


Location  Suitability 

The  location  attributes  selected  for  this  decision-su[^rt  process  were  compiled  from  design  guides, 
the  USAREUR  space  and  planning  criteria  manual,  and  DCIS.  They  are: 

1.  Land-use  compatibility 

2.  Environmoital  compliance 

3.  Safety  compliance 
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4.  Impact  on  Army  Communities  of  Excellence  (ACOE) 

5.  Suitability  of  transportation 

6.  Suitability  of  utilities 

7.  Efficiency  of  operations. 

Location  attributes  are  used  to  identify  the  suitability  of  a  location  to  a  facility's  mission 
requiremoits.  They  can  also  be  used  to  compare  the  suitability  of  alternative  locations.  Physical, 
functional,  and  locational  attributes  all  should  be  considered  when  assessing  the  usability  of  a  facility,  and 
they  can  also  be  used  to  compare  the  suitability  of  alternative  facilities  to  satisfy  a  particular  mission 
requirement. 


Evaluating  Facilities  for  Potential  Renovation 

Master  plarmers  at  DOD  installations  need  to  plan  for  occupancy  needs.  The  result  of  a  sound 
master  plarming  approach  will  eliminate  inefficiencies  in  facility  layout  and  maximizes  return  on 
investment 

Effective  facilities  planning  and  management  decisions  require  knowledge  of  the  physical  and 
functional  condition  of  the  buildings,  facility  location,  and  the  economic  impact  of  tte  alternative 
decisions.  The  wealth  of  tools  for  helping  to  evaluate  the  physical  condition  of  a  building  includes 
BUILDER  and  the  Maintenance  Resource  Prediction  Model  (MIU*M),  the  latter  of  which  allows  the  user 
to  maintain  facUities  by  tracking  the  use  and  projectoi  replacement  dates  of  t^ir  components  (Neely  et 
al.,  July  1989).  Another  USACERL-developed  tool,  ECOWACTC,  can  be  use  iO  estimate  life-cycle  costs 
and  to  evaluate  the  economic  implications  of  various  possible  decisions.  He  *'ever,  no  tools  currently  exist 
to  support  plarming  decisions  by  helping  managers  systematically  evaluate  a  f:^ility's  fimctional  coiidition 
and  location  suitability.  The  renovation  decision  support  model  described  in  tMs  report  will  suf^rt 
developmmt  of  such  a  tool.  The  model  provides  {^ysical,  functional,  and  location  ermdition  indexes, 
including  threshold  values  that  indicate  adequacy  of  the  pertinent  attributes.  These  indexes  can  be  used 
in  decisionmaking.  If  a  facility  is  adequate  in  {diysicrd  condition,  functional  condition,  and  location 
suitability,  then  the  facility  is  adequate  for  its  specified  mission  and  there  is  no  need  to  renovate.  Even 
if  die  facility  needs  minor  repair  or  routine  maintenance  work,  major  renovation  work  is  ncH  required  if 
the  i^iysical,  fimctional,  and  location  indexes  are  satisfactory. 

If  the  location  of  a  facility  is  not  adequate  to  perform  the  required  mission,  then  renovating  it  to 
fulfill  that  mission  is  not  advisable.  The  facility  may  be  more  suitable  for  other  uses.  The  planner  can 
evaluate  the  location  for  more  suitable  uses  and  perform  a  requirements  analysis  to  determine  whether  the 
facility  is  adequate  for  those  uses.  If  it  does  not  a{^ar  to  be  economically  efficient  to  convert  it  or  divert 
the  facility  to  other  uses,  the  building  may  be  a  good  candidate  for  disposal. 

If  the  location  of  a  facility  is  suitable  but  the  overall  condition  is  not  adequate,  then  it  is  a  car^idate 
for  renovadoa  Whether  the  fimctional  condition  is  not  adequate  or  the  fbysical  condition  is  poor, 
rmiovation  may  be  a  feasible  alternative. 

In  short,  renovation  of  a  building  is  an  rqjpropriate  solution  under  the  following  conditions: 

1.  Otter  facilities  in  that  mission  category  group  are  not  underutilized 
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2.  The  location  of  the  facility  is  suitable  to  perfonn  the  mission 

3.  The  facility  is  functionally  or  {diysically  inadequate 

4.  It  is  economically  efficient  to  renovate  that  facility  compared  to  other  alternatives. 

The  functional  performance  of  a  facility  can  be  evaluated  at  different  levels  of  detail.  It  may  be 
evaluated  either  against  industry  standards  or  Army  standards  for  general-purpose  evaluation.  Industry 
standards.  Army  standard  designs,  design  guides,  etc.,  provide  general  guidance  and  criteria  for  fiinctiotuil 
facilities.  The  correspondence  of  facility  attributes  with  those  criteria  is  evaluated  in  general-purpose 
evaluation.  Corresporidence  of  facility  attributes  with  user  requirements,  however,  is  evaluated  in  ^recial- 
purpose  evaluation.  Evaluation  criteria  come  from  the  PDB  or  user  requirements  in  such  a  case. 
Evaluation  methods  and  decisionmaking  processes  are  similar  for  bodr  general-purpose  or  ^cial-purpose 
evaluations,  as  shown  in  Chapter  4. 


Characteristics  of  the  Facility  Inspection  Process 

As  previously  noted,  facility  condition  assessment  for  strategic  decisions  such  as  renovation, 
disposal,  or  conversion  require  physical  condition  assessment  as  well  as  functional  and  location  suitability 
assessment  However,  physical  condition  assessment  alone  can  determine  only  routine  maintenance 
management  decisions.  Physical  condition  assessment  methods  are  discussed  in  USACERL  Technical 
Rqwrt  M-90/19,  which  describes  the  BUILDER  EMS  (Uzarski  et  al.,  July  1990).  This  section  describes 
inspection  methods  for  functional  and  locatimi  suitability. 

The  attributes  for  assessment  of  functional  condition  or  location  suitability  are  mostly  qualitative 
factors.  A  classification  and  rating  procedure  is  needed  to  measure  these  attributes  as  objectively  as 
possible.  A  proposed  set  of  functional  and  locaticHi  suitability  attributes  and  rating  procedures  is  presented 
in  Ouqiter  4.  The  scales  and  the  rating  procedures  are  developed  to  sui^rt  executive-level  strategic 
decisions  for  any  type  of  facility.  Actual  criteria  may  differ  by  facility  type,  as  may  the  importance  of 
a  particular  attribute  in  the  overall  decisions.  Using  general  strategic  rating  procedures  to  guide  and 
structure  the  evaluation  is  a  very  practical  rqrproach  because  the  universal  attributes  may  be  weighted  to 
reflect  tiK  requirements  of  any  particular  facility  type  or  case. 

The  classification  and  rating  procedure  proposed  in  Chapter  4  can  be  ^lied  to  facilities  regardless 
of  differences  in  age,  facility  type,  construction  type,  or  shrqre.  This  classification  systmn  is  not  affected 
by  changes  in  the  standards  or  complexity  of  the  requirements.  The  system  can  be  used  by  any  person 
with  enough  knowledge  of  facilities  to  identify  their  features  and  understand  their  mission  requirements. 

Special  professional  expertise,  such  as  a  degree  in  architecture  or  engineering,  is  not  required  for 
assessing  most  of  the  functional  condition  attributes.  Familiarity  with  Army  regulations,  standrud  (tesign 
features,  and  design  guides  will  help  the  inspector,  and  knowledge  of  the  criteria  is  requited.  Professional 
expertise  is  required  to  inspect  and  evaluate  certain  attributes,  such  as  healtii  and  safety  features, 
engineering  systems,  security,  and  communications.  Evaluation  of  location  suitability  also  requites 
professional  judgment 

The  inspector  compiles  fiinctiotuil  and  location  “scores”  for  the  facility,  based  on  the  pertinent  rating 
scales.  Each  attribute  has  a  threshold  value  that  defines  the  minimum  requiremoit  for  an  acceptable  rating. 
The  thrediold  values  are  listed  in  Chapter  4  with  tlK  rating  scales.  The  scores  set  for  a  facility  during 
evaluation  are  compared  with  the  thre^ld  values. 
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The  rating  scale  is  graded  into  condition  codes  ranging  from  excellent  to  failed.  “Excellent”  means 
that  the  amdition  exceeds  the  target  requirement  for  that  attribute.  “Failed”  means  the  condition  does  not 
meet  ttie  threshold  value.  In  other  words,  a  rating  of  failed  means  rmiovation  is  required  before  tiie 
facility  meets  the  mission  requirements.  The  rating  for  any  given  attribute  may  fall  at  either  extrane,  or 
anywhere  in  between.  A  numeric  value  is  assigned  to  all  conditions  on  the  rating  scale. 

This  approach  can  be  taken  to  determine  the  functional  and  location  suitability  of  a  specific  facility 
to  satisfy  a  mission  requirement,  and  is  also  useful  for  comparing  different  facilities  being  considered  for 
the  same  purpose. 


4  RATING  SCALES  FOR  FACILITY  ATTRIBUTES 


A  rating  scale  has  been  developed  to  help  planners  and  managers  detennine  a  facility's  functional 
condition  and  location  suitability  for  its  mission  requirements.  A  set  of  ratings  can  be  compiled  using  the 
criteria  outlined  in  this  chapter.  These  criteria  can  be  used  either  to  rate  a  facility  against  the  diieshold 
(minimum  acceptable)  values  or  to  rate  the  suitability  of  two  or  more  possible  alternative  facilities. 
Because  each  facility  option  has  various  ciq)abilities,  strengths,  and  weidoiesses  pertaining  to  project 
requirements,  selection  of  the  best  option  requires  value  measuiemern  and  tradeoff  analysis.  The  ratings 
resulting  from  the  inspection  criteria  discussed  here  will  provide  an  objective  basis  for  selecting  the  best 
available  facility  for  a  particular  mission.  They  will  also  help  to  define  the  facility's  renovation 
requirements  for  that  mission. 

As  discussed  in  Chapter  3,  functional  performance  may  be  assessed  either  through  a  general-purpose 
evaluation  or  a  special-purpose  evaluation,  depending  on  mission  requirmnents.  General-purpose 
evaluatior^  ate  made  using  Army  standards  or  industry  standards  as  foe  measure.  Special-purpose 
evaluations  are  made  using  criteria  in  a  PDB  or  specific  user  needs  not  addressed  through  a  general- 
purpose  evaluatiotL 

The  special-purpose  evaluation  is  cmducted  the  same  as  a  general-purpose  evaluation.  The 
following  rating  sc^es  apply  to  both  kinds  of  evaluation — the  standards  for  the  special-purpose  evaluation 
may  include  requirements  found  only  in  foe  PDB  or  other  ^licable  documents. 


Physical  Condition 

As  discussed  in  Chapter  3,  criteria  and  ratings  indexes  for  foe  physical  condition  of  facilities  are 
being  developed  as  part  of  USACERL's  BUILDER  EMS.  Documentation  of  these  indexes  will  be 
puUished  upon  completion  of  BUILDER  develoixnent  The  BUILDER  condition  indexes  will  directly 
siqipoit  the  inspection  and  rating  of  a  building's  physical  condition. 


Functional  Condition 

The  criteria  that  follow  reflect  foe  refinements  of  the  authors'  original  set,  as  explained  in  Cluqrter  1 
under  “Af^adi.” 


i.  Functional  Spaces 

Dimensions  cf  Functional  Spaces  (Threshold  Value:  6) 

This  attribute  is  used  for  quantitative  analysis  of  functional  spaces.  Do  not  address  tiiape  or  other 
architectural  features  in  this  evaluation.  Use  AR  40S-70  as  criteria  for  all  office  spaces.  Evaluate  other 
graces  using  q^licable  Army  criteria.  If  criteria  are  not  available,  use  analytic  mefoods  recommended 
in  Army  design  guides  or  other  space  plaraiing  literature. 

Good  (8  points).  The  f«;ility  includes  all  the  functions  (organizational  activities)  recommoided  in 
the  Army  design  guide  or  industry  standards  for  a  facility  of  its  type.  It  satisfies  all  Army  criteria.  The 
functional  graces'  dimensions  are  tfoout  the  same  or  exceed  industry  standards  or  de^gn  guide 
reannmendations. 
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Moderate  (6  points).  The  facility  lacks  some  of  the  functional  spaces  recommended  in  die  Anny 
design  guide  or  industry  standard.  The  shortage  of  space  is  less  than  10  percent,  and  die  facility  is  usable 
with  acceptable  operational  efficiency.  It  is  possible  to  use  the  space  efficiently  with  reorganization  of 
equipment,  furniture,  or  with  substitution  of  functional  spaces. 

Poor  (4  points).  The  facility  lacks  some  of  the  functional  graces  recommended  in  the  applicable 
design  guide  or  industry  standard.  The  qiace  shortage  is  between  10  and  20  percent,  and  it  cannot  be  used 
widKNit  loss  of  efBciency. 

Very  Poor  (2  points).  The  facility  is  missing  many  of  the  functional  places  recommended  in  the 
design  guide  or  industry  standard.  The  space  shortage  is  20  to  30  percent  and  would  be  highly  inefficient 
to  use  as  is. 

Failed  (0  points).  The  facility  lacks  most  of  the  functional  spaces  recommended  in  the  design  guide 
or  industry  standard.  The  space  shortage  is  more  than  30  percent,  and  it  cannot  be  used  witiiout 
expansion. 

Layout  of  Functional  Space  (Threshold  Value:  6) 

Good  (8  points).  The  layout  of  functional  spaces  is  perfect  for  this  type  of  facility.  The  functional 
adjacencies  are  suitable  accor^ng  to  Army  standard  designs  or  design  guide  recommendations  for  a 
facility  of  its  type. 

Moderate  (6  points).  The  layout  of  functional  spaces  differs  from  tiie  layout  recommended  in  Army 
standard  designs  or  design  guides.  The  graces  can  be  used  without  loss  of  efficiency.  The  functional 
adjacencies  are  suitaUe. 

Poor  (4  points).  The  layout  of  functional  spaces  differs  from  the  layout  recommended  in  standard 
designs  or  (tesign  guides.  The  spaces  cannot  be  used  without  loss  of  effici^icy,  but  the  functional 
adjacencies  are  suitaUe. 

Very  Poor  (2  points).  The  layout  of  functional  places  is  not  suitable  to  perform  tire  required 
functions  according  to  the  recommendations  in  standard  designs  or  design  guides.  The  spaces  cannot  be 
used  efBciertily,  and  the  functional  adjacoKies  are  not  suitable. 

Failed  (0  points).  The  layout  of  functional  spaces  is  completely  unsuitable  to  perform  ttie  required 
functions.  It  would  be  impossible  to  use  tiie  facility  in  its  current  layout  without  rmiovating  the  existing 
functional  spaces. 


2.  Supporttng  Spaces 

Dimensions  of  Supporting  Spaces  (Threshold  Value:  6) 

Good  (8  points).  The  facility  has  all  supporting  spaces  recommended  by  industry  standards  or  Army 
design  guides. 

Moderate  (6  points).  The  facility  lacks  some  of  the  supporting  spaces  recommended  by  industry 
standards  or  Army  design  guides,  but  the  facility  is  usable  wi^ut  loss  of  efficiency. 
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Poor  (4  points).  The  facility  lacks  some  of  the  supporting  spaces  recommended  by  industry 
standards  or  Army  design  guides.  It  is  usable  but  not  very  efficient 

Very  Poor  (2  points).  The  facility  lacks  most  of  the  suf^rting  spaces  recommended  by  industry 
standards  or  Army  design  guides.  It  would  be  very  unproductive  to  use  the  facility  without  adding  more 
supporting  spaces. 

Failed  (0  points).  The  facility  lacks  most  of  the  supporting  spaces  recommended  by  industry 
standards  or  Army  design  guides.  It  does  not  even  have  the  minimum  required  suf^rting  spaces  for  basic 
operations.  It  would  be  impossible  to  use  the  facility  without  adding  more  sufqxrrting  spaces. 

Layout  of  Supporting  Spaces  (Threshold  Value:  6) 

Good  (8  points).  The  location  and  layout  of  supporting  spaces  are  suitable  according  to  the 
recommendations  in  applicable  Army  design  guides  or  industry  standards. 

Moderate  (6  points).  The  location  and  layout  of  supporting  spaces  do  not  conform  to  the 
recommendations  in  qjplicable  design  guides  or  industry  standa^,  but  die  facility  is  usable  without  loss 
of  operadoiud  efficiency. 

Poor  (4  points).  The  location  and  layout  of  supporting  places  do  not  conform  to  the 
recommendations  in  design  guides  or  industry  standards,  and  the  facility  is  not  usable  widiout  loss  of 
operational  efficiency. 

Very  Poor  (2  points).  The  location  and  layout  of  tlM  supporting  spaces  are  not  suitable.  They  do 
not  conform  to  the  recommendations  of  design  guides  or  industry  smndards,  and  it  would  be  very 
unproductive  to  use  diis  facility  without  renovatioiL 

Failed  (0  points).  The  location  am!  layout  of  the  suf^rting  spaces  are  completely  unsuitable.  It 
would  be  impos^ble  to  use  this  facility  widmut  renovation. 


3.  CatUng  Height 

General  Criteria  (Threshold  Value:  6) 

Good  (8  points).  Ceiling  height  is  the  same  as  that  ^cified  in  industry  standards  or  Army  design 
guide  recommendatiais. 

Moderate  (6  points).  Ceiling  height  is  higher  than  industry  standards  for  the  particular  facility,  but 
the  difference  is  less  than  2  ft.  The  facility  can  be  used  widiout  loss  of  operational  efficiency. 

Poor  (4  points).  The  ceiling  height  is  not  suitable  for  some  mission  ftmetions  in  smne  areas.  The 
facility  is  usable,  but  difficulties  and  disruption  of  activities  will  result 

Very  Poor  (2  points).  The  ceiling  height  is  not  suitable  to  sui^rt  intended  uses  in  most  parts  of 
the  building.  It  wo^d  be  very  unproductive  to  use  this  facility  for  this  purpose. 

Failed  (0  points).  The  ceiling  height  is  lower  than  the  Army  or  industry  standard,  and  the  facility 
canrxit  be  used  for  the  intended  mission  without  renovation. 
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4.  Aeeea  to  Mattrial  and  Equipmoitt 

Width  and  Height  of  Doors  (Threshold  Value:  6) 

Good  (8  points).  The  width  and  height  of  all  doors  equal  industry  standards  or  Army  design  guide 
reomunendations. 

Moderate  (6  points).  The  width  and  height  of  some  doors  are  smaller  than  Army  or  industry 
standards,  but  die  f^lity  can  be  used  without  loss  of  efficiency. 

Poor  (4  points).  The  width  and  height  of  some  doors  are  smaller  than  Army  or  industry  standards, 
and  some  of  the  doors  must  be  modified  to  avoid  inefficiency. 

Very  Poor  (2  points).  The  width  and  height  of  most  doors  are  analler  than  Army  or  industry 
standards,  and  diey  must  be  changed  to  perform  work. 

Failed  (0  points).  The  width  and  height  of  most  doors  are  smaller  than  Army  or  industry  standards, 
and  it  would  be  impossible  to  use  this  facility  widiout  major  repair  or  renovation. 

Circuiation  (Threshold  Value:  6) 

Good  (8  points).  The  width  of  all  corridors  and  aisles  is  foe  same  as  that  ^cified  by  industry 
standards  or  Army  design  guide  recommendatimis. 

Moderate  (6  points).  The  width  of  stune  corridors  or  aisles  is  greater  than  Army  or  industry 
stndaids  while  ofoeis  conform  to  Army  or  industry  standards.  The  facility  can  be  used  without  loss  of 
efficiency. 

Poor  (4  points).  The  width  of  most  corridors  or  aisles  is  greater  than  Army  or  industry  standards 
for  this  type  of  facility.  Much  space  is  wasted,  but  foe  facility  can  be  used  witlW  loss  of  operational 
efficiency. 

Very  Poor  (2  points).  The  width  of  many  corridors  or  aisles  is  not  suitaUe  to  siqtport  foe  required 
missirm  fiinctions.  The  facility  can  be  used  only  with  loss  of  efficiency. 

Failed  (0  points).  The  width  of  many  corridors  or  aisles  is  smaller  foan  Army  or  industry  standards, 
and  it  is  not  po^ble  to  use  the  facility  wifoout  considerable  renovatirm. 


5.  HmtdkapAeem 

General  Criteria  (Threshold  Value:  6) 

Good  (8  points).  All  handicap  access  lequiiemwts  are  met  according  to  qtplicable  codes,  industry 
standards,  and  Army  regulations.  The  facility  exceeds  all  minimum  requirements. 

Oiedt  foe  Architect/Engineer  Instruction  (AEI)  manual  or  Design  Criteria  Information  System 
(DCIS)  for  Army  handicap  access  requirements. 

Moderate  (6  points).  The  facility  meets  all  minimum  code  requirements,  including  the  minimum 
Army  handici^  access  requirements. 
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Poor  (4  points).  Some  areas  require  improvonau  of  handioq)  access  features  to  satisfy  Army, 
industry,  or  community  requirements,  but  the  violations  are  minor.  The  facility  is  usaMe  and  all  apfNOvals 
are  avidlaUe. 

Very  Poor  (2  points).  The  facility  requires  improvement  of  some  handioq)  access  features  to  satisfy 
q)piicabte  codes  and  regulations.  Improvements  and  minor  repair  are  needed  before  the  facility  may  be 
used. 


Failed  (0  points).  The  facility  does  not  meet  handicap  access  requiremoits  of  the  Army,  industry, 
or  the  community.  It  is  not  possible  to  use  the  facility  without  major  repair  or  renovation  of  the  building. 


6.  Floors 

Floor  Loads  (Threshold  Value:  4) 

Good  (6  points).  The  floor  loads  are  suitable  for  the  facility's  inteirded  missioi.  They  conform  to 
industry  standards  or  Army  design  guide  recommoxlations. 

Moderate  (4  points).  The  floor  loads  are  mostly  suitaMe  for  the  building's  intended  mission.  The 
floor  loads  in  some  areas  do  not  conform  to  industry  standards  or  design  guide  recommendadons.  They 
are  suitaUe  for  limited  functions  in  those  areas.  With  some  reorganizadmi  of  equipment  and  fiincticHis, 
the  facility  can  be  used  without  loss  of  operadorud  efficioicy. 

Poor  (2  points).  The  floor  loads  are  not  suitable  for  the  intended  mission  in  some  areas  of  the 
facility.  They  do  r»t  conform  to  Army  design  guide  recommendatuHis  or  industry  standards,  and  snne 
rqMir  will  be  required  to  use  the  facility. 

Failed  (0  points).  The  floor  loads  are  not  suitable  for  the  intended  mission  and  diey  do  not  omform 
to  Army  or  industry  standards.  Major  rqrair  or  renovadcm  would  be  required  to  use  the  facility  for  the 
intended  missiotL 

Floor  Finishes  (Threshold  Value:  6) 

Good  (8  points).  Floor  finishes  exceed  industry  standards  or  design  guide  reconunendadons. 

Moderate  (6  points).  Floor  flnisl. »  are  suitable  for  the  facility's  intmided  mission.  They  conform 
to  apfdicable  indus^  standards  or  Army  design  guide  recommendations. 

Poor  (4  points).  Floor  flnishes  are  below  industry  standards,  but  the  floor  is  usable. 

Very  Poor  (2  points).  Floor  finishes  are  not  suitable  in  some  areas.  Some  of  the  floor  finishes  need 
to  be  modified. 

Failed  (0  points).  Floor  finishes  are  not  suitable  for  the  specified  mission,  so  the  facility  cannot  be 
used  without  refinishing  die  floors. 
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7.  HeatUiand Safety 

Fire  Stfety  (Threshold  Value:  4) 


Excellent  (8  points).  The  building's  fire-safety  features  exceed  NFPA  life-safety  code  and  Army 
requirements. 

Exits,  sprinklers,  egress  route,  fire  zones,  travel  distance  to  exits,  and  all  other  fire-safety  features 
(by  occupancy  type)  must  be  evaluated  by  a  fire-safety  professiorud  familiar  with  Army  facility  safety 
requirements. 

Good  (6  points).  The  building  meets  all  aj^licable  NFPA  life-safety  codes  and  Army  fire-safety 
requirements. 

Moderate  (4  points).  The  building  fails  to  satisfy  some  NFPA  life-safety  codes  or  Army  fire-safety 
requirements,  but  die  code  violations  are  minor  enou^  that  waivers  may  be  granted. 

Poor  (2  points).  The  building  fails  to  satisfy  some  NFPA  life-safety  codes  or  Army  fire-safety 
requirements.  The  violations  are  signiflcant  and  may  require  scmie  minor  repair  work. 

Failed  (0  points).  The  building  fails  to  meet  many  NFPA  life-safety  codes  and  Army  fire-safety 
requirements.  It  cannot  be  used  without  major  repair  work  or  renovatioa  Major  repairs  would  include 
such  work  as  changing  corridor  widths. 

Health  Risks  (Threshold  Value:  4) 

Good  (6  points).  The  building  is  in  perfect  condition  and  poses  no  health  hazards.  Materials 
associated  with  health  risks  were  not  used  in  constriction.  The  building  is  free  of  asbestos,  toxic  fumes, 
smoke,  radon,  and  other  health  hazards.  All  rq^licable  permits  have  been  obtained. 

Moderate  (4  points).  The  building  poses  no  health  hazards  if  used  and  maintained  properly.  All 
iq^icable  permits  have  been  obtained. 

Poor  (2  points).  The  building  poses  some  health  hazards  diat  require  repair  work  to  be  done  before 
the  building  is  occupied. 

Failed  (0  points).  Renovation  or  major  repair  work  is  required  to  make  the  building  usable  and  safe. 
Operational  Safety  (Threshold  Value:  4) 

Good  (6  points).  The  building  is  operationally  safe  for  a  facility  of  its  type.  The  building  has  all 
safety  design  features  recommended  for  a  facility  of  its  type  and  mission.  Explosives  safety,  chemical 
spills,  and  other  operational  accidents  are  considered  in  die  facility  design,  and  diere  are  redundant  safety 
design  features  to  allow  for  human  errors. 

Moderate  (4  poirus).  The  building  is  safe  for  a  facility  of  its  type  and  mission  if  it  is  used  and 
maintained  properly.  The  building  satisfies  all  applicable  minimum  safety  requirements,  but  does  not  have 
redundant  safety  features  that  allow  for  human  errors. 

Poor  (2  points).  The  building  fails  to  satisfy  rome  operational  safety  requirements,  arul  requires 
minor  repair  work  to  make  it  safe. 
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Failed  (0  points).  The  building  does  not  have  the  safety  design  features  required  for  its  type  and 
mission.  Renovatitm  is  required  to  make  die  building  usable. 


8.  Grounds 

Parking  (Threshold  Value:  4) 

Good  (6  points).  The  building  has  plenty  of  parking  space  for  visitors,  staff,  and  oiganizadonal 
vehicles. 

Moderate  (4  points).  There  is  shortage  of  parking  spaces  during  peak  business  hours,  but  the 
shortage  is  less  than  10  percent  below  the  required  number.  Other  areas  are  available  to  park  the  extra 
vehicles,  so  the  shortage  causes  little  inconvenience. 

Poor  (2  points).  The  paiking  space  shortage  exceeds  10  percent  funding  a  parking  space  near  tire 
building  is  difficult. 

Failed  (0  points).  Parking  is  a  big  problem.  Tire  building  is  not  usable  without  addidonal  parking 
spaces. 

Vehicular  Access  (Threshold  Value:  4) 

Good  (6  points).  Access  driveways  are  well  designed  to  meet  the  building's  ftmctional  requirements. 
Access  and  clearance  are  provided  for  emergency  vehicles  such  as  fire  tmcks.  The  design  and  condition 
of  vehicular  access  are  perfect  according  to  AEI  and  installation  design  guide  recommendations. 

Moderate  (4  points).  Access  driveways  are  somewhat  suitable  to  meet  the  building's  requirements. 
Access  and  clearance  for  emergency  vehicles  sireh  as  fire  trucks  are  provided.  The  design  and  condition 
of  vehicular  access  are  usable. 

Poor  (2  points).  Access  driveways  are  usable  with  difficulty.  Access  and  clearance  for  emergency 
vehicles  such  as  fire  trucks  is  difficult  The  design  atKi  condition  of  vehicular  access  is  out  of  compliarree 
with  AEI  and  installation  design  guide  recommendations.  Access  is  possible  only  with  difficulty  loss 
of  operational  efficiency. 

Failed  (0  points).  Vehicular  access  is  completely  inadequate  without  major  repair  of  access 
driveways. 

Landscaping  (Threshold  Value:  4) 

Good  (6  points).  The  facility  is  well  landscaped  with  trees,  shrubs,  and  lawn.  All  trees  and  shrubs 
are  trimmed.  The  view  is  good  arid  there  are  no  obstructions  to  site  surveillance  or  emergency  vehicles. 
There  are  no  drainage  problems. 

Use  the  site-development  section  in  the  AEI  and  installation  design  guide  as  reference. 

Moderate  (4  points).  The  facility  is  landscaped,  but  the  landsctqiing  is  not  well  organized.  Some 
work  is  required  to  clean  and  trim  the  trees  and  slmibs,  and  some  planting  is  required  to  [mivide  good 
view.  Thero  ate  no  drainage  problems.  OveraU,  the  existing  lan^rpng  is  usable  with  some  minor 
repairs. 
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Poor  (2  points).  The  facility  is  not  fully  landscaped,  aiul  additicxud  planting  is  required.  Some  soil 
erosion  or  drainage  problems  are  evident. 

Failed  (0  points).  The  landscaping  is  completely  inadequate  without  regrading  or  replanting  the  site. 
Drainage  and  soil  erosion  ivoblems  need  to  be  fixed.  Major  sitewoik  is  required. 


9.  Sound  and  Visual  Environment 

Acoustics  (Threshold  Value:  4) 

Good  (6  points).  There  are  no  distractions  or  disraptions  due  to  noise,  either  internal  or  external. 

Moderate  (4  points).  Distractions  or  disruptions  due  to  noise  are  minimal. 

Poor  (2  points).  Some  loss  of  productivity  is  expected  due  to  high  levels  of  noise,  whether  internal 
or  external. 

Failed  (0  points).  The  facility  is  too  noisy  to  function  effectively  for  its  selected  mission  without 
extensive  renovation  to  mitigate  noise. 

Visual  Environment  (Threshold  Value:  4) 

Good  (6  points).  The  visual  environment  is  completely  suitable,  with  good,  nonglare  light  sources 
wherever  required. 

Moderate  (4  points).  The  visual  environment  is  acceptable  to  support  the  facility's  mission.  Light 
sources  create  minimal  glare,  but  it  does  not  affect  the  occupants'  work  performance. 

Poor  (2  points).  The  visual  envirotunmt  is  poor,  and  light  sources  create  enough  glare  to  affect  the 
occupants'  work  performance.  Some  loss  of  produt^vity  is  expected. 

Failed  (0  points).  Very  poor  visual  environm^t  and  glare  make  the  facility  unusable.  It  cannot  e 
used  without  raiovation. 


10.  Eketrieal  Service  and  Fixtures 

To  adequately  assess  this  attribute,  the  inspector  must  be  knowledgeable  about  electrical  code 
requiremoits.  Electrical  power  requirements  for  the  facility  type  and  designated  function  are  evaluated 
against  all  applicable  electrical  code  requirements. 

Building  Power  Supply  (Threshold  Value:  4) 

Good  (6  points).  Power  supply  is  sufficient  to  meet  the  facility's  near-term  and  lotig-term  tKeds. 

Moderate  (4  points).  Power  supply  is  sufficient  to  meet  near-term  needs  only. 

Poor  (2  points).  Power  supply  is  not  sufficient  for  the  facility's  intended  mission.  The  facility  can 
be  used  with  some  loss  of  productivity.  If  the  inadequacy  of  the  power  supply  creates  a  potential  safety 
pn^em,  die  facility  should  be  rated  as  failed. 
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Failed  (0  points).  The  power  supply  is  completely  inadequate  to  support  the  facility's  intended 
mission.  The  facility  is  not  usable  without  renovation. 

Power  Distribution  (Threshold  Value:  6) 

Good  (6  points).  Power  distribution  is  sufficient  to  sui^rt  the  facility's  intended  mission  functions. 
Plenty  of  electrical  power  sources  (outlets,  etc.)  are  available,  and  the  power  distribution  system  meets  all 
^}(dicable  electrical  code  requirements. 

Moderate  (4  points).  Power  distribution  is  not  sufficient  in  some  areas  of  the  facility.  The  facility 
can  be  used  for  its  intended  purpose,  but  some  areas  are  suitable  only  for  limited  hmetions. 

Poor  (2  points).  Power  distribution  is  not  sufficient  to  support  the  facility's  mission  functions.  The 
facility  can  be  used  only  with  loss  of  productivity.  If  the  inadequacy  of  the  power  distribution  system 
creates  a  potential  safety  problem,  the  facility  should  be  rated  as  fail^. 

Failed  (0  points).  The  power  distribution  system  is  completely  inadequate  to  support  the  facility's 
mission  functions.  The  facility  is  not  usable  without  renovation. 

Adequacy  of  Fixtures  (Threshold  Value:  6) 

Good  (6  points).  Electrical  fixtures  are  sufficient  and  well  installed  to  sui^rt  the  facility's  intended 
missiotL  All  types  of  electrical  fixtures  needed  to  effectively  support  mission  functions  ate  installed  and 
in  good  condition.  All  fixtures  meet  all  rq^licable  electrical  code  requirements. 

Moderate  (4  points).  Electrical  fixtures  ate  not  adequate  in  some  areas  of  the  facility.  The  facility 
is  usable  for  its  intended  purpose,  but  results  in  some  inconvenience  or  loss  of  efficiency. 

Poor  (2  points).  Electrical  fixtures  ate  not  adequate  in  most  areas  of  the  facility.  Some  minor  repair 
worir  is  required  before  the  facility  can  be  used  for  its  intended  purpose.  If  the  inadequacy  of  the  fixtures 
creates  a  potential  safety  problem,  the  facility  should  be  rated  as  failed. 

Failed  (0  points).  There  ate  not  enough  electrical  fixtures  to  su{^rt  the  facility's  intended  mission 
functions.  The  facility  is  not  usable  without  major  repair  or  renovation. 


11.  Water  emd  Plumbittg 
Water  Supply  (Threshold  Value:  4) 

A  person  with  reliable  knowledge  of  water  supply  and  pressure  requirements  is  needed  to  evaluate 
this  attribute. 

Good  (6  points).  Water  supply  is  sufficient  to  meet  near-term  and  long-term  requirements.  The 
facility  satisfies  all  applicable  building  codes  and  Army  requirements  for  water  supply  and  pressure 
(including  fire  codes).  Both  quantity  and  pressure  are  evaluated. 

Moderate  (4  points).  Water  supply  is  sufficient  to  meet  only  near-term  requirements.  The  facility 
satisfies  all  i^rplicable  building  codes  wd  Army  requirements  for  water  supply  and  pressure  (including  fire 
codes)  for  near-term  use. 
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Poor  (2  points).  All  pennits  necessary  have  been  granted  to  use  this  facility  with  the  existing  water 
sof^y,  but  the  water  supply  is  inadequate  to  support  the  facility's  intended  mission  fimctions.  The  facility 
can  be  used  only  with  inconvenience  or  loss  of  productivity.  If  the  inadequacy  of  the  water  supply  creates 
a  potential  safety  problem,  the  facility  should  be  rated  as  failed. 

Failed  (0  points).  The  water  supply  is  completely  inadequate  to  support  the  facility's  intended 
mission  without  major  repair  or  renovation. 

Flunking  System  (Threshold  Value:  4) 

Good  (6  points).  The  plumbing  system  will  fully  support  the  facility's  intended  mission  functions. 
All  required  plumbing  fixtures  are  installed,  of  good  quality,  and  in  good  condition.  The  facility  meets 
all  iqjplicable  plumbing  codes. 

Moderate  (4  points).  The  plumbing  system  is  acceptable.  Design  and  layout  are  adequate  to  suf^it 
mission  functions  without  loss  of  productivity. 

Poor  (2  points).  Not  all  required  plumbing  fixtures  are  available.  The  design  and  layout  of 
plumbing  fixtures  do  not  effectively  support  the  intended  mission  fimctions  of  the  facility.  The  facility 
can  be  used  for  its  intended  mission  only  with  some  loss  of  productivity. 

Failed  (0  points).  There  are  not  enough  plumbing  fixtures  to  adequately  support  the  facility's 
intended  mission.  The  farility  is  not  usable  without  major  repair  or  renovation. 


12.  HVAC  System  SiUiabiliiy 

Temperature  and  Humidity  (Threshold  Value.  4) 

Good  (6  points).  Temperatures  are  comfortable  and  targets  are  met  throughout  the  facility. 
Humidity  control  is  provided  where  required,  and  it  is  effective. 

Moderate  (4  points).  Temperatures  throughout  the  facility  are  within  an  acceptable  comfort  range 
and  are  acceptable  for  functional  use  of  the  facility  most  of  the  time.  Temperature  and  humidity  targets 
are  met  most  of  the  time.  Humidity  control  is  partially  effective.  A  few  portable  fans  or  space  heaters 
may  be  needed  to  make  some  spaces  comfortable. 

Poor  (2  points).  Temperature  targets  are  not  met  in  some  parts  of  the  building  during  very  cold  or 
very  hot  days.  The  building  is  usable  for  its  intended  mission,  but  productivity  is  reduced  when  the 
outside  temperature  is  very  hot  or  cold.  Humidity  control  is  partially  effective.  Portable  fans  or  space 
heaters  are  used  commonly  throughout  die  facility  to  keep  thermal  comfort  at  acceptable  levels. 

Failed  (0  points).  Temperatures  are  consistently  uncomfortable.  The  facility  will  not  effectively 
support  mission  functions  without  major  repair  or  renovation  work. 

Ventilation  (Threshold  Value:  4) 

Good  (6  points).  The  ventilation  is  well  designed  to  support  the  facility's  mission  fimctions.  The 
air  is  fiesh  at  all  times  in  all  areas  of  the  building. 
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Moderate  (4  points).  The  ventilation  design  is  acceptable  for  the  facility's  intended  mission.  The 
air  is  fresh  most  of  the  time  in  most  areas  of  die  building.  The  ventilation  supports  operating  the  facility 
without  loss  of  productivity. 

Poor  (2  points).  The  ventilation  design  is  not  fully  suitable  for  functional  use  of  the  building.  The 
facility  is  usable  for  its  intended  function  but  some  loss  of  productivity  may  result. 

Failed  (0  points).  The  ventilation  design  is  not  suitable  to  support  the  building's  intended  mission 
without  renovation. 


13.  BuUt-ln  EquipmetU 

General  Criteria  (Threshold  Value:  4) 

Good  (6  points).  The  built-in  equipment  is  well  designed  and  installed  to  support  die  facility's 
intended  mission. 

Do  not  include  HVAC  equipment  in  this  evaluation,  but  inspect  all  other  kinds  of  built-in 
equifHnent. 

Moderate  (4  points).  The  built-in  equipment  is  usable  with  no  loss  of  productivity.  For  equiinnent- 
sensitive  facUities  such  as  manufacturing  or  industrial  plants,  any  built-in  equipment  not  in  good  condition 
should  be  rated  poor. 

Poor  (2  points).  The  built-in  equipment  is  usable,  only  with  a  loss  of  productivity. 

Failed  (0  points).  The  built-in  equipment  is  not  adequate  to  support  the  building's  mission  functions 
without  major  repair  or  renovation. 


14.  Security 

General  Criteria  (Threshold  Value:  4) 

Good  (6  points).  All  security  features  included  in  the  facility  design  comply  with  Army  regulations. 
Systems  include  redundancies  to  effectively  mitigate  human  errors.  The  facility  meets  or  exceeds  all 
security  requirements. 

Moderate  (4  points).  The  security  features  are  acceptable  for  the  facility's  intended  mission. 

Poor  (2  points).  The  security  features  are  not  fiiily  adequate  for  the  facility's  intended  mission 
functions.  Minor  repairs  are  required. 

Failed  (0  points).  The  security  features  are  completely  inadequate  for  the  facility's  intended  mission. 
Major  repairs  or  renovation  are  required. 
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15.  Communications 


General  Criteria  (Threshold  Value:  4) 

Good  (6  points).  The  facility  has  a  state-of-the-art  communications  system  that  fully  suf^its  the 
facility's  intended  mission. 

Moderate  (4  points).  The  communications  system  is  acceptable  for  the  facility's  intended  mission 
functions. 

Poor  (2  points).  The  communications  features  are  not  fully  suitable  for  the  facility's  intended 
functional  use.  The  facility  can  be  used  for  its  intended  mission  only  with  loss  of  productivity.  Some 
rq)air  or  modification  is  required. 

Failed  (0  points).  The  facility  cannot  be  used  for  its  intended  mission  with  the  existing 
communications  system.  Major  renovation  of  the  system  is  required. 


16.  Environmental  Intact 
General  Criteria  (Threshold  Value:  6) 

Regulatory  compliance  lequiiements  are  coordinated  with  Federal,  State,  arul  local  agencies. 

Good  (6  points).  Environmental  impact  documentation  required  by  the  National  Environmeittal 
Policy  Act  (Nl^A)  shows  no  environmental  hazards.  Air  quality,  water  quality,  and  waste  diqxrsal 
methods  are  in  compliance  with  Federal,  State,  and  local  regulations.  The  facility  satisfies  all  coordination 
and  compliance  requirements  of  all  appropriate  ageiKies. 

Poor  (2  points).  Environmental  impact  statements  require  corrective  measures  before  the  facility 
is  in  compliance.  The  violations  are  minor. 

Failed  (0  points).  The  facility  needs  renovation  to  ccanply  with  envirorunental  regulations. 


17.  Aesthetics  and  Image 

Use  Army  Communities  of  Excellence  standards  for  evaluating  all  three  subattributes. 

Exterior  Appearance  (Threshold  Value:  4) 

Good  (6  points).  The  building  exterior  is  in  good  condition  and  looks  appealing.  The  approach  and 
entry  provide  convenient  access  and  present  an  excellent  rqjpearance. 

Moderate  (4  points).  The  building  is  acceptable  in  overall  appearance.  It  looks  “about  average” 
for  a  facility  of  its  type. 

Poor  (2  points).  The  facility's  overall  tq^arance  is  poor.  The  building  is  generally  considered 
unattractive. 


40 


Failed  (0  points).  The  building  is  in  very  bad  shape,  with  many  broken  or  damaged  components. 
It  cannot  be  used  for  its  intended  purpose  wittraut  major  tenovadoa 

Appearame  of  Public  Spaces  (Threshold  Value:  4) 

Good  (6  points).  TIm  facility's  public  spaces  convey  an  excellent  image,  both  to  occupants  and  the 
public.  The  image  is  considered  excellent  in  comparison  with  public  spaces  in  similar  facilities  and  Army 
Conununities  of  Excellence  standards. 

Moderate  (4  points).  The  facility's  public  spaces  convey  an  average  image,  bodi  to  occupants  and 
the  public,  in  comparison  with  public  spaces  in  similar  facilities. 

Poor  (2  points).  The  facility's  public  spaces  look  substandard  compared  to  {xiblic  spaces  in  similar 
facilities. 

Failed  (0  points).  The  condition  of  the  facility's  public  spaces  is  completely  inadequate  without 
mtyor  renovatiort 

Appearance  of  Interior  Spaces  (Threshold  Value:  4) 

Good  (6  points).  All  interior  spaces  are  in  excellent  condition.  They  look  newly  constructed  or  very 
well  maintained. 

Moderate  (4  points).  The  interior  spaces  are  acceptable  in  overall  ^rpearance,  and  are  considered 
about  average  for  a  facility  of  its  type. 

Poor  (2  points).  The  interior  spaces  have  a  poor  overall  ai^pearance,  including  problems  such  as 
dirty  walls  and  windows,  or  damaged  components.  The  interior  spaces  are  generally  considered 
unattractive. 

Failed  (0  points).  The  interior  spaces  are  in  very  bad  diiq)e,  widi  many  brokra  and  damaged 
components.  They  are  not  functional  without  major  renovation. 


Location  Suitability 


1.  Land-Use  CoHvadbiUty 

The  term  “land  use”  in  this  context  refers  to  the  Army  equivalent  of  zoning.  Use  staralaids  from 
the  USAREUR  space  and  planning  criteria  manual  for  compatibility  evaluaticm. 

General  Criteria  (Threshold  Value:  4) 

Excellent  (8  points).  The  land  use  is  perfectly  compatible  for  suf^rt  of  the  facility's  mission. 
Good  (6  points).  The  land  use  is  compatible  with  the  facility's  mission. 

Moderate  (4  points).  The  land  use  is  adequate  to  support  the  facility's  mission. 
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Poor  (2  points).  Some  aspects  of  the  land  use  are  not  compatible  with  the  facility's  mission. 
Failed  (0  points).  The  land  use  is  completely  unacceptable  for  the  facility's  intended  mission. 


2.  Environmental  CompOance 

General  Criteria  (Threshold  Value:  4) 

Excellent  (8  points).  Environmental  impact  assessment  for  the  facility  is  excellent,  showing  no 
negative  impacts  arising  from  the  facility's  intended  use. 

Good  (6  points).  Environmental  impact  assessment  findings  are  not  ideal,  but  are  good.  No 
negative  impacts  are  identified. 

Moderate  (4  points).  Environmental  impact  assessment  and  NEPA  documoitation  identify  the 
location  as  acceptable,  meeting  all  minimum  requirements  for  compliance. 

Poor  (2  points).  NEPA  documentation  identifies  the  site  as  a  poor  location  for  die  facility's  intended 
use.  It  may  only  be  used  if  specific  NEPA  conditicnis  are  met 

Failed  (0  points).  Environmental  impact  assessment  and  NEPA  documentation  indicate  that  the  site 
cannot  achieve  environmental  compliance  if  used  for  the  facility's  intended  propose. 


3.  Safety  CompUance  ^ 

General  Criteria  (Threshold  Value:  4) 

Excellent  (8  points).  Safety  coordinatitm  shows  tiiat  the  location  is  completely  suitable  for  the 
facility,  and  is  in  compliance  with  all  tqiplicable  safety  regulations. 

Good  (6  points).  Safety  coordination  shows  that  the  location  meets  all  minimum  safety  standards 
that  are  af^lictfole. 

Moderate  (4  points).  The  location  of  the  facility  is  acceptable.  It  may  have  a  few  negative  features, 
but  OSHA*  pennits  can  be  obtained. 

Poor  (2  points).  The  location  has  some  significant  safety  problems.  OSHA  pennits  can  be  obtained 
for  conditional  use  only. 

Failed  (0  points).  The  location  cannot  meet  OSHA  safety  standards  even  for  conditional  use,  and 
is  therefore  completely  unacceptable  for  the  facility's  intended  mission. 


*OSHA:  Occupational  Safely  and  Health  Administration. 
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4.  impact  OH  ACOE 

General  Criteria  (Threshold  Value:  4) 

Excellent  (8  points).  This  location  is  ideal  firmn  the  ACX)E  viewpoint.  All  features  are  positive  and 
no  negative  impacts  are  identified. 

Good  (6  points).  The  location  has  some  positive  features  and  no  negative  impacts. 

Moderate  (4  points).  The  location  is  acceptable  from  the  ACOE  viewpoint,  but  there  may  be  a  few 
negative  impacts. 

Poor  (2  points).  The  location  has  many  negative  features,  and  would  not  be  completely  acceptable 
according  to  ACOE  criteria. 

Failed  (0  points).  The  location  is  completely  unacceptable  from  the  ACOE  viewpoint 


5.  Transportation  Suitability 
General  Criteria  (Threshold  Value:  6) 

Excellent  (8  points).  All  transportation  needs  for  the  facility  are  met,  and  the  tran^rtation  facilities 
are  in  good  slu^. 

Good  (6  points).  All  transportation  needs  are  met  and  the  transportation  facilities  are  in  acceptable 
condition. 

Moderate  (4  points).  Transportation  facilities  are  available,  but  some  repair  work  may  be  necessary. 

Poor  (2  points).  Transportation  facilities  are  not  completely  suitaUe.  Additional  roads  or  major 
repairs  are  necessary  to  bring  them  up  to  acceptable  standard. 

Failed  (0  points).  Not  all  necessary  transportation  facilities  are  available.  Major  transportation 
problems  would  interfere  with  support  of  the  facility’s  mission. 


6.  SuitabmyofUtimes 

General  Criteria  (Threshold  Value:  4) 

Good  (6  points).  All  utilities  necessary  for  the  facility's  intended  mission  are  available. 

Moderate  (4  points).  The  necessary  utilities  are  available,  but  some  minor  problems  must  be 
addressed. 

Poor  (2  points).  There  are  signiEcant  utility-^ess  problems. 

Failed  (0  points).  Adequate  utilities  are  not  available  to  support  the  facility's  intended  mission. 
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7.  EffieiKKcy  of  Operations 
General  Criteria  (Threshold  Value:  4) 

Excellent  (8  points).  TIk  location  is  highly  convenient  for  effective  use  of  the  facility. 

Good  (6  points).  The  location  is  reasonably  good  for  convenience  and  efficiency  of  operations. 

Moderate  (4  points).  The  location  supports  the  facility  mission  with  only  a  minimal  level  of 
inconvenience  and  operational  problems. 

Poor  (2  points).  The  location  will  create  major  inconveniences  and  loss  of  productivity. 

Failed  (0  points).  The  location  will  not  support  the  facility's  mission  or  operational  efficiency. 
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5  RENMOD:  A  RENOVATION  DECISION-SUPPORT  MODEL 


The  m3*n  difficulty  in  deciding  whether  a  facility  should  be  renovated  is  the  decisionmaker's 
subjet^vity.  A  subjective  decision  is  difficult  to  justify  quaittitatively.  Puithennore,  a  subjective  decision 
defies  standardization:  it  varies  among  decisitMunakers  and  locations.  A  computerized  model  cannot 
eliminate  subjectivity,  but  it  can  support  the  renovtdion  decisionmaking  process  in  several  important  ways. 

First,  it  can  break  down  the  overall  “renew  or  not  renew”  decision  into  smaller  components  so  the 
dedsitHunaker  faces  simpler  questions  to  deal  with  subjectively.  The  model  can  thm  integrate  the 
responses  to  simpler  questions,  to  support  a  raticxial  decision. 

Second,  a  nuxlel  can  detect  inconsistencies  in  the  decisionmaker's  answers  to  the  simile  questicHis, 
and  reconcile  them  to  the  decisionmaker's  satisfaction. 

Third,  a  model  can  quickly  perform  computations,  such  as  a  sensitivity  arudysis,  to  indicate  the 
relative  significance  of  each  component  of  the  problem.  This  capability  makes  it  easier  to  conduct  “what 
if’  analys''^^ 

Fo^  a  well  designed  model  is  essentially  portable  horn  (me  locaticm  to  another.  Fkirtiiermore, 
if  die  model's  results  are  not  sensitive  to  the  variations  in  the  input,  then  consistency  can  be  maintained 
when  the  model  is  used  by  different  people  at  differait  locations. 


Previous  Work 

A  literature  search  was  conducted  to  identify  the  theories  and  methods  used  for  evaluating  the 
facility  performance.  Two  models  were  found. 

(hie  was  used  in  a  housing  development  project  in  Boston  (Sdioddr  1973): 

^  (P*pci)(RI«) 


where: 

V  =  general  evaluation  viewpoint,  which  is  helpful  in  describing  the  general  characteristic  attribute 
of  a  Imilding  (e.g.,  safety,  diermal  comfort,  serviceability) 

PI  =  performance  indicator,  a  numerical  value 

pci  =  performance  index  of  building  componmt  i,  whidi  quantifies  die  relative  adequacy  of  the 
component  compared  to  die  qiecified  standard  fem  a  particular  attribute  (e.g.,  the  pci  for  a  floor 
judged  80  percent  adequate  in  tenns  of  stain-resistance  would  be  0.8) 

RI,^  =  relative  importance  of  building  ccmiponent  i  in  terms  of  die  evaluation  viewpoint;  the  sum  of 
all  RIci  values  for  a  particular  evaluation  viewpoint  totals  1.00. 
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A  second  model  was  developed  in  Hungary  for  social  housing  projects  (Visy,  May  1983).  Building 
performance  was  defined  as  “the  behavior  of  a  building,  or  a  component  of  a  building,  relied  to  its 
intmded  use.**  The  Hungarian  model  was  given  as: 

**  B. 

P  =  L  [Eq  2] 


where: 

M  =  number  of  characteristic  properties 

v,  =  a  weighting  coefTicient  denoting  the  significance  of  characteristic  i,  which  is  determined  by  the 
subjective  judgments  of  experts;  it  is  desirable  that  v,  =  1 

B,  =  building  performance  in  terms  of  characteristic  i.  which  can  be  quantified  by  a  unit  of  measure, 
a  point,  or  a  binary  yes-no  (1  or  0)  value  judgment 

R,  =  the  desired  minimum  standard  of  building  perfonnance  in  terms  of  characteristic  i. 

B. 

In  the  Hungarian  model,  it  is  possible  that _ _  >  1.  which  means  that  current  building  performance 

for  that  characteristic  exceeds  the  minimum  requirement. 

Both  models  use  essentially  die  same  elements:  building  characteristics  (attributes)  are  evaluated 
and  assigned  a  numerical  score;  the  scores  are  then  multiplied  by  a  weighting  factor  that  signifies  the 
relative  importance  of  each  attribute;  then  fuially,  the  weighted  scores  of  each  attribute  are  summed  to 
obtain  an  overall  condition  or  performance  index. 

This  type  of  model  is  called  an  additive  model.  The  major  shortcoming  of  additive  models  is  that 
they  assume  that  oversadsfaction  of  one  characteristic  can  compensate  for  undersatisfaction  of  another. 
To  illustrate  this  point,  let  M  =  2,  v,  =  0.5,  Vj  =  0.5,  B,  =  10,  R,  =  5,  Bj  =  0,  Rj  =  10,  which  yields 
P  =  0.5  (10/5)  +  0.5  (0/10)  =  1.  Although  the  building  performance  for  the  second  characteristic  (Bj)  is 
completely  unacceptable,  the  building  appears  to  achieve  the  overall  desired  level  of  performance. 
Additive  models  have  potential  applications  to  M&R  scheduling,  but  reports  describing  these  applications 
are  not  available  in  &iglish. 


RENMOD 

An  additive  model,  called  RENMOD,  was  developed  in  this  study.  To  overcome  the  shortcoming 
of  additive  models  discussed  above,  the  computer  implementation  of  RENMOD  (see  Chiqiter  5)  alerts 
users  if  a  component  scores  very  low. 
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In  general,  die  proposed  model  for  computing  the  functional  conditicm  index  (FCI)  of  a  facility  with 
n  components  or  feanires  takes  the  following  form: 


Fa  =  S  W(i)XCi) 

i-i 


[Eq3] 


where  X(i)  is  the  ccmdition  of  component  i,  and  W(i)  is  the  relative  importance  (weight)  of  that  component 
within  the  overall  functional  condition.  For  some  components,  X(i)  can  be  directly  assessed  by  inspecting 
the  building.  For  odiers,  X(i)  is  computed  with  a  similar  additive  formula: 

K 

X(i)  =  E  Wk(i)XUi)  [Eq4] 

k*l 


where  X^fi)  is  the  condition  of  subcomponent  k  of  component  i,  and  W^(l)  is  its  relative  importance  in 
terms  of  component  i.  Similarly,  for  some  subcompcments,  X^Ci)  can  be  direcdy  measured  or  assessed, 
while  for  others  it  is  computed  by: 


Xk(i)  =  I  Wj(i)xk'a) 

i-i 


[Eq  5] 


where  xij[i)  is  the  condition  of  the  lowest-level  compcment,  and  W,[(i)  is  its  relative  importance  in  terms 
of  subcomponent  k. 

TherefOTe,  RENMOD  is  hierarchical.  Model  construction  starts  from  the  lowest  level  and  is  built 
upwards.  The  following  section  describes  the  application  of  this  model  to  administrative  buildings. 
Methods  for  computing  die  weights  are  discussed  later  in  this  chapter. 


Building  the  Model  for  Administrative  Buildings 

An  administrative  building  is  assumed  to  comprise  16  of  the  17  main  components  discussed  in 
Chapters  3  and  4: 


1.  Functirmal  spaces  (X(l),  W(l)) 

2.  Supporting  spaces  (X(2),  W(2)) 

3.  Ceiling  height  (X(3),W(3)) 

4.  Access  to  material  and  equipment  (X(4),  W(4)) 

5.  Handicrq)  access  (X(5),  W(3)) 

6.  Floors  (X(6),  W(6)) 

7.  Health  and  safety  (X(7),  W(7)) 

8.  Grounds  (X(8),  W(8)) 

9.  Sound  and  visual  environment  (X(9),  W(9)) 

10.  Electrical  service  and  fixtures  (X(10),  W(10)) 

1 1.  Water  and  Plumbing  (X(l  1),  W(1 1)) 

12.  HVAC  (X(12),  W(12)) 

13.  Security  (X(13),  W(13) 


47 


14.  Communications  (X(14),  W(14)) 

15.  Enviiminental  impact  (X(1S),  W(1S)) 

16.  Aesthetics  and  image  (X(16),  W(16)) 

Note  that  this  example  does  not  address  the  built-in  equipment  attribute.  Administrative  facilities 
generally  do  not  require  the  kind  of  built-in  equiintent  evaluated  under  this  attribute. 

Each  of  these  is  explained  below.  The  terms  in  parentheses  after  each  attribute  represent  the  model's 
designation  for  the  component  and  its  weighting  scale.  Application  of  the  model  to  each  attribute  is 
explained  in  the  following  sections. 

Functional  Spaces 

SuitalHlity  of  functional  spaces  is  not  directly  assessed,  but  is  computed  in  terms  of  its  components 
using  the  following  sequence  of  operations. 

nrst,  through  inspection  of  the  building,  directly  assess: 

•  Dimensions  of  functional  spaces  (denoted  by  x,(l)) 

•  Layout  of  functional  spaces  (denoted  by  X2(l)). 

These  two  component  features  determine  the  suitability  of  functional  spaces. 

Assume  that  the  relative  weights  of  these  two  component  features  are  w,(l)  and  W2(l)  (computation 
of  die  weights  is  discussed  in  the  next  section).  Then,  the  suitatnlity  of  functional  spaces  (X(l))  is 
calculated  as  follows: 


X(1)  =  W,(1)X,(1)+W2(1)X2(1) 


Supporting  Spaces 

Supporting  spaces  have  two  components  that  are  assessed  directly  by  the  inaction: 

•  Supporting  spaces  (quantitative)  (Xi(2),  weight:  w,(2)) 

•  Layout  of  supporting  spaces  (X2(2),  weight:  W2(2)). 

Then  ounpute  the  suitability  of  supporting  spaces  (X(2))  as  follows: 

X(2)  =  w,(2)x,(2)+W2(2)x2(2) 


Ceiling  Height 

Ceiling  height  (X(3))  is  assessed  directly  by  inspection.  Because  there  are  no  subcomponents  to 
this  attribute,  the  rating  is  simply  die  product  of  its  b^ic  suitability  and  its  weighting  factor. 
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Access  to  Material  and  Equipment 

The  two  components  of  this  attribute  are  directly  assessed: 

•  Width  and  height  of  doors  (Xi(4),  weight:  w,(4)) 

•  Qrculation  (corridor  width  etc.)  (X2(4),  wei^t:  W2(4)). 

Compute  the  adequacy  of  the  supporting  spaces  (X(4))  as  follows: 

X(4)  =  w,(4)  x,(4)  +W2(4)  X2(4) 

Handicap  Access 

Handiciq)  access  (X(S))  is  directly  assessed.  The  result  of  this  assessment,  multiplied  by  its 
weighting  factor. 

Floors 

Floors  are  rated  on  the  basis  of  two  components: 

•  Floor  loads  (Xt(6),  weight:  w,(6)) 

•  Floor  finishes  (Xjfd).  weight:  w^fd)). 

Compute  die  condition  of  the  floors  (X(6))  as  follows: 

X(6)  =  w,(6)  x,(6)  +W2(6)  XjCd) 

Health  and  S(rfety 

This  attribute  has  three  subcomponents,  each  of  which  is  assessed  directly  through  inspection: 

•  Fire  safety  (x,(7),  w,(7)) 

•  Health  ri^  (asbestos,  fumes,  smoke,  radon,  etc.)  (X2(7),  W2(7)) 

•  Operational  safety  (X3(7),  W3(7)). 

The  health  and  safety  condition  of  the  building  is  computed  as  follows: 

X(7)  =  w,(7)  Xi(7)  +W2(7)  x0)  +w,(7) 

Grounds 

Grounds  has  three  subcomponents,  each  of  which  has  to  be  assessed  directly  through  inspection: 

•  Parking  (x,(8),  w,(8)) 

•  Vehicular  access  (x2(8),  W2(8)) 

•  Landsciqiing  (X3(8),  W3(8)). 

The  condition  of  grounds  X(8)  can  then  be  computed  as  follows: 

X(8)  =  Wi(8)  x,(8)  +W2(8)  X2(8)  +W3(8)  X3(8) 
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Sound  and  Visual  Environment 


This  attribute  has  two  subcomponents,  both  of  which  have  to  be  assessed  directly  through  inspection: 

•  Acoustics  (Xi(9),  w,(9)) 

•  Visual  environment  and  glare  (X2(9),  W2(9)). 

The  rating  for  this  attribute  can  then  be  computed  as  follows: 

X(9)  =  w,(9)  x,(9)  +  wj(9)  X2(9) 


Electrical  Service  and  Fixtures 

The  electrical  system  includes  three  subcomponents,  each  of  which  has  to  be  assessed  directly 
through  inspection: 

•  Building  power  supply  (x,(10),  w,(10)) 

•  Power  distribution  (x^ClO),  w^ClO)) 

•  Adequacy  of  fixtures  (xjClO),  W3(10)). 

The  rating  for  this  attribute  is  then  computed  as  follows: 

X(10)  =  w,(10)  x,(10)  +  WjdO)  X2(10)  +  WjdO)  X3(10) 


Water  and  Plumbing 

This  attribute  has  two  subcomponents,  each  of  which  is  assessed  directly  through  inspection: 

•  Water  supply  (x,(ll),  W|(ll)) 

•  numbing  system  (XjCll),  WjCll)). 

The  condition  rating  for  this  attribute  is  computed  as  follows: 

Xdl)  =  w,(ll)  x,dl)  +  WjdD  xjdl) 


HVAC 

The  HVAC  system  has  two  subcomponents,  which  are  assessed  directly  through  inspection: 

•  Temperature  and  humidity  (x,(12):  Wi(I2)) 

•  Ventilation  (xjC  12),  Wjf  12)). 

HVAC  suitability  of  the  building  is  then  computed  as  follows: 

Xd2)  =  w,d2)  x,d2)  +  W2d2)  X2d2) 
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Security,  Communications,  and  Environmental  Impact 

These  three  components  (denoted,  respectively,  by  X(13),  X(14),  and  X(15):  weight  W(13),  W(14), 
and  (WIS))  do  not  have  subcomponents.  Each  is  assessed  directly  through  inspection,  and  suitability  is 
computed  by  multiplying  the  result  of  the  assessment  by  the  weighting  factor. 

Aesthetics  and  Image 

This  attribute  is  divided  into  three  components,  each  of  which  is  assessed  directly  through 
inspection: 

•  Exterior  i^ypearance  (x,(16),  v,(16)) 

•  Appearance  of  public  spaces  (X2(16),  Wjflb)) 

•  Appearance  of  interior  spaces  (X3(16),  W3(16)). 

The  rating  for  this  attribute  can  then  be  computed  as  follows: 

X(16)  =  w,(16)  x,(16)  +  Wj(16)  X2(16)  +  W3(16)  X3(16) 

Calculating  the  Functional  Condition  Index 

After  the  condition  indexes  for  all  building  attributes  are  computed,  the  overall  functional  cemdition 
index  (FCI)  is  computed  as  follows: 

FCI*  =  W(1)X(1)  +  W(2)X(2)  +  W(3)X(3)  +  W(4)X(4)  +  W(5)X(5)  +W(6)X(6)  + 
W(,’)X(7)  +  W(8)X(8)  +W(9)X(9)  +  W(10)X(10)  +  W(11)X(I1)  +  W(12)X(12)+ 
W(13)X(13)  +  W(14)X(14)+  W(15)X(15)  +  W(16)X(16) 

The  resulting  number,  FCI^,  represents  an  overall  measure  of  the  fimctional  condition  of  the 
administrative  building. 


Weighting  the  Attributes 

There  are  a  number  of  methods  for  weighting  the  attributes  in  the  model  presented  above.  A 
detailed  review  of  these  methods  is  given  in  Af^ndix  A,  including  a  discussion  of  the  advantages  and 
disadvantages  of  each  method.  Two  methods  that  seem  particularly  i^plicable  to  the  objective  of  this 
research  are  explained  below. 

The  reader  should  note  that  the  discussion  of  weighting  here  and  in  Appendix  A  uses  examples 
based  on  the  original  ersion  of  the  building  attritmte  tree,  as  explained  in  Chapter  1  under  “Approach” 
(see  Hgure  1).  The  difference  in  criteria  doe.<!  not  affect  the  applicability  of  the  weighting  methods  to 
RENMOD. 

Ratio  Method 

First,  a  given  set  of  attributes  is  ranked  in  order  of  their  relative  importance.  The  least  important 
attribute  is  assigned  a  weight  of  10.  The  weights  of  all  other  attributes  are  then  rated  as  multiples  of  10, 
depending  on  their  relative  importance  to  the  least  important  one.  For  example,  the  attribute  building 
layout  suitability  has  seven  subattributes.  Suppose  the  least  important  subattribute  is  ceiling  height,  which 
is  weighted  at  10.  Suppose  the  subattribute  floors  is  a  little  more  important,  but  not  twice  as  important. 
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that  this  subattribute  could  be  assigned  a  weight  of  IS.  If  fiuictional  space  layout  and  suitability  is  the 
most  important  one— perhaps  10  times  more  important  than  the  ceiling  height— then  a  weight  of  100  is 
assigned. 

Weights  determined  in  this  fashion  are  called  raw  scores.  They  express  the  relative  importance  of 
the  attributes.  In  the  computations,  the  raw  scores  are  normalized  so  their  sum  equals  1. 

Analytical  Hierarchy  Process 

Arudytical  hierarchy  process  (AHP)  (Saaty  1980)  involves  comparison  of  two  attributes  at  a  time. 
The  relative  importance  of  one  to  the  other  one  is  often  expressed  in  narrative  terms,  then  Table  1  is  used 
to  convert  these  descriptions  into  numerical  values.  Creating  an  example  from  the  administrative  building 
attributes  discussed  previously,  suppose  floors  is  only  slightly  more  important  than  ceiling  height.  In  the 
AHP  evaluation  matrix  (Table  Al),  at  the  intersection  of  the  floors  row  and  ceiling  height  column  there 
is  2.  Furthermore,  at  the  intersection  of  the  functional  space  layout  and  suitability  row  and  ceiling  height 
column,  there  is  an  8,  meaning  the  former  heavily  outweighs  the  latter  in  importance.  After  comparisons 
are  completed  between  all  pairs  of  attributes,  the  weights  for  each  attribute  can  be  computed  using  the 
formulas  presented  in  Appendix  A. 

From  the  two  comparisons  in  the  example  above,  one  could  compute  the  relative  importance  of  the 
two  attributes.  However,  this  number  is  requested  from  the  decisiotunaker  to  serve  as  redundant 
information  that  can  be  used  to  check  the  consistency  of  the  responses.  (See  supporting  text  at  Table  Al.) 
This  method  provides  a  way  to  compute  the  level  of  inconsistency,  which  up  to  a  certain  extent  is 
acceptable — a^  almost  inevitable.  However,  if  the  inconsistency  level  is  too  high,  then  the  question 
session  with  the  decisionmaker  is  started  again  to  identify  the  source  of  inconsistency  and  eliminate  it. 

Choosing  a  Method 

Both  weighting  methods  described  here  require  subjective  input  from  the  decisionmaker  on  the 
relative  importance  of  each  attribute  and  subattribute  to  overall  functional  condition.  There  are  three 
important  criteria  for  determining  which  method  to  use: 

Ease  of  Use.  In  the  administrative  building,  for  example,  there  are  48  attributes  and  subattributes. 
The  time  spent  to  determine  the  relative  importance  of  each  attribute  is  well  worth  the  effort,  especially 
because  it  is  done  once,  then  revised  only  as  needed.  Nevertheless,  it  is  a  demanding  task,  and  the  chance 
of  nuiking  errors  or  creating  inconsistencies  increases  as  the  number  of  judgments  required  increases. 
Therefore,  it  is  important  that  the  method  is  easy  to  use. 

Trusthworthiness.  The  weighting  method  should  be  transparent,  rather  than  an  opaque  system.  The 
user  should  be  able  to  understand  and  have  confidence  in  Ae  results.  When  subjective  inputs  are 
ccmcemed,  this  criterion  is  particularly  important. 

Robustness.  If  the  results  of  the  proposed  method  are  very  sensitive  to  small  changes  in  the  inputs, 
thm  the  reliability  and  general  value  of  the  model  decrease.  Because  the  proposed  model  requires 
subjective  inputs,  different  individuals  may  provide  different  numbers.  Therefore,  the  robustness  of  the 
weighting  scheme  is  very  important. 

These  two  weighting  methods  were  presented  to  a  group  of  planners  from  Army  installations.  This 
group  favored  the  AHP,  and  provided  the  necessary  inputs  for  determining  the  weights  of  attributes  both 
for  an  administration  building  and  a  warehouse.  The  results  of  this  session  are  summarized  in  Appendix 
B. 
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Nnmalcal  Valncs  for  Relative  lauKrtance  of  Attributes 
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The  installation  planners  strongly  endorsed  AHP  in  terms  of  ease  of  use  and  trustworthiness.  To 
investigate  the  method's  robustness,  it  was  analyzed  against  the  complete  model,  outlined  earlier  in  this 
chapter.  The  model  requires  two  types  of  inputs;  a  rating  for  a  limctional  attribute  (denoted  by  jc  in  the 
model)  and  a  value  for  the  weight  (relative  importance)  of  each  functional  attribute  (denoted  by  w  in  the 
model).  Both  types  of  input  may  vary  from  person  to  person  and  location  to  location,  even  if  the  facility 
being  assessed  is  the  same.  To  check  whether  such  variance  affects  the  final  ouqtut— FCl  of  the  facility 
under  consideratiorr— a  set  of  Monte  Carlo  (general  simulation)  runs  was  performed.  In  each  rtm,  the  score 
values  (x)  and  weights  (w)  varied  randomly.  The  results,  summarized  in  Appendix  C,  show  duu  the 
ouqmt  of  the  model  is  quite  robust  against  changes  in  inputs.  This  result  has  already  been  demonstrated 
to  be  generally  true  for  linear  additive  models  (Dawes  1979). 


Summary  of  RENMOD 

RENMOD  is  essentially  a  model  for  measuring  a  facility's  fimctional  condition.  Almost  any 
nontrivial  measurement  in  engineering,  science,  or  management  may  be  subjective,  inaccurate,  and 
potentially  misleading.  Computers  and  models  carmot  eliminate  the  subjectivity,  but  they  can  help  make 
potential  errors  more  conspicuous,  and  provide  a  means  to  correct  them.  Subjective  human  input  into 
building  renovation  decisions  is  essential  and  carmot  be  replaced.  It  can,  however,  be  supported  or 
enhanced.  RENMOD  sqtpears  to  be  capable  of  reliable  renovation  decision  support. 

The  model  can  be  used  to  determine  a  facility's  FQ.  This  index  could  be  used  in  two  ways.  If  a 
number  of  facilities  are  available,  the  FCI  could  be  used  to  rank  the  comparative  functional  conditions  of 
each.  If  only  one  facility  is  being  considered,  and  the  issue  is  whether  to  renovate  it  or  not,  then  the  FCI 
can  indicate  whether  to  renovate,  not  to  renovate,  or  an  unclear  situation.  If  the  case  is  unclear  for  a 
single  facility,  the  model's  output  would  suggest  that  a  closer  look  by  decisioiunakers  is  required. 
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6  COMPUTER  IMPLEMENTATION  OF  RENMOD 


Overview  of  Prototype  System 

RENMOD  has  been  automated  as  an  application  for  desktop  computer.  The  foundation  of  the 
miciDcmnputer  lyjplication  is  the  value  tree  shown  in  Hgure  1  (Chapter  1).  All  features  of  the  model— the 
value  tree,  its  structure,  attributes,  attribute  weights,  and  evaluation  scales— are  built  into  this  system.  The 
user  interface  and  system  operations  are  designed  so  the  user  does  not  need  to  understand  the  model's 
iimer  workings  to  evaluate  a  facility's  FCI.  However,  familiarity  with  the  meaning  of  each  attribute  may 
increase  the  accuracy  of  the  user's  judgment. 


Description  of  a  Working  Session 

A  working  session  with  the  computerized  system  consists  mainly  in  choosing  a  value  from 
qualitative  scales  developed  for  each  attribute.  The  system  guides  the  user  through  attribute-evaluation 
menus.  In  the  prototype  version,  the  order  of  attribute  evaluation  is  set  by  the  system,  so  the  user  does 
not  control  this  aspect  of  the  evaluation.  Detailed  descriptions  for  each  qu^itative  value  on  the  scales  are 
provided  as  an  online  help  feature. 

An  example  of  the  screen  for  evaluating  the  availability  of  functional  spaces  is  shown  in  Figure  S. 
All  other  opened  windows  are  shown  bordered  in  bold  lines.  The  names  of  attributes  are  in  the  upper-left 
comer  of  each  window.  For  example,  the  terminating  (most  detailed)  attribute  currently  under  evaluation 
in  the  figure  is  in  the  lowest  screen,  where  the  multiple  qualitative  choices  are  located.  Windows  are 


Figure  5.  Evaluation  Screen. 
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layered  under  the  active  window  in  order  of  the  value  tree  hierarchy,  from  bottom  to  top.  Thus,  functional 
spaces  is  the  next  upper-level  attribute  of  availability  of  functional  spaces,  as  is  building  layout  suitability 
for  functional  spaces.  The  evaluation  task  appears  above  the  qualitative  choices.  TIm  current  highlighted 
value  {moderate  in  Figure  S)  will  be  chosen  if  RETURN  is  pressed.  The  selection  bar  is  moved  by  using 
the  keyboard's  arrow  keys.  Other  evaluation  screens  highlight  a  different  evaluation  task,  and  may  have 
a  different  number  of  qualitative  choices.  In  the  lower  right  comer  of  the  evaluation  screen  there  is  a 
reminder  of  how  to  activate  the  help  function  (by  pressing  FI  or  F2).  There  are  two  versions  of  the  help 
function:  raie  for  general  evaluations  and  one  for  special-purpose  evaluations.  Hgure  6  shows  the  screen 
with  opened  help  window. 

As  the  user  evaluates  the  condition  of  each  attribute,  the  qualitative  values  selected  (excellent,  good, 
moderate,  poor,  failed,  or  any  value  in  between)  are  being  converted  to  dieir  corresponding  numerical 
values  and  divided  by  the  maximum  possible  value  for  the  particular  attribute,  to  obtain  a  relative  value 
for  the  attribute  score.  When  all  components  of  an  attribute  are  evaluated,  the  system  takes  the  score, 
multiplies  it  by  the  decisionmaker's  specified  weights  (input  previously),  and  aggregates  them  to  compute 
a  relative  rating  for  die  condition  of  the  upper-level  attribute.  The  system  then  moves  to  the  next  upper- 
level  attribute  according  to  the  preset  sequence,  through  the  entire  value  tree.  As  can  be  seen,  the 
terminating  nodes  (e.g.,  availability  of  functional  spaces  in  Figure  S)  in  the  value  tree  are  the  attributes 
actively  being  evaluated  by  the  user.  Ihe  number  of  evaluation  tasks  presented  to  the  user  corresponds 
to  the  number  of  terminating  nodes  (leaves)  of  the  value  tree. 

As  the  user  progresses  through  the  evaluation,  the  values  chosen  up  to  that  point  are  displayed  in 
the  windows  corresponding  to  each  upper-level  attribute  in  die  value  tree  hierarchy.  The  values  obtained 
by  aggregation  of  the  lower-level  attributes  are  also  displayed.  Figure  7  shows  a  screen  where  no 
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Figure  6.  Help  Screen. 
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Figure  7.  Screen  Showing  Evaluated  Attributes. 

evaluation  window  is  active.  The  evaluation  infonnation  is  displayed  only  when  all  terminating  attributes 
for  the  ui^r-level  attribute  are  evaluated. 

When  the  evaluation  for  all  terminating  attributes  is  completed,  a  single  relative  score— the  FQ— is 
computed.  The  screen  in  Figure  8  shows  the  scores  for  all  subattributes  of  lunctional  conditioa  The 
attribute  ratings  that  show  a  qualitative  tenn  before  the  numerical  score  (e.g.,  good,  moderate)  are 
attributes  without  any  subattributes  or  subcomponents. 

After  any  key  is  pressed,  a  new  window  appears  on  the  screen  with  an  evaluation  recommendation 
statement  for  over^l  functional  condition  (Figure  9).  This  recommendation  is  based  on  comparison  of 
the  score  obtained  during  the  session  to  an  overall  facility  threshold  value.  This  overall  value  is  computed 
from  the  values  for  a  hypothetical  facility  for  which  the  scores  of  all  terminating  attrilnites  and 
subattributes  cone^nd  to  the  minimum  requirement— moriera/e  in  most  of  the  cases.  See  the  example 
in  the  light  gray  box  in  the  foreground  of  Figure  6. 

The  recommendation  statement  for  lunctional  condition  appears  in  a  menu  that  allows  the  user  to 
move  (m  to  evaluation  of  the  building's  physical  cotulition,  or  to  rate  the  facility  only  on  the  basis  of 
functitmal  condition.  If  the  user  chooses  to  evaluate  ttv*  building's  physical  condition,  the  overall  facility 
condition  score  is  computed  by  aggregating  the  scores  uotained  for  functional  and  physical  condition.  In 
die  inototype  system,  it  is  assumed  that  evaluation  of  {diysical  condition  has  been  done  independently  and 
that  die  results  are  supplied  in  the  system  database.  Ihe  physical  condition  scores  are  read  from  the 
database  and  used  to  compute  the  overall  score  for  facility  condition. 

A  sample  condition  evaluation  report  printed  from  the  computer  implementation  of  RENMOD  is 
(HDvided  in  Appendix  D. 
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Figure  8.  Functimial  Condition  Screen. 


Figure  9.  Evaluation  Recommendation  Screen. 
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Architecture  of  the  System 


The  ardiitecture  of  the  ienovati(»i  decision  support  system  is  shown  in  Figure  10.  Its  main  parts 
are: 


•  Woiking  memory 

•  User  interface 

•  Knowledge  base 

•  Control  module. 

Wmking  mmory  is  an  internal  object-level  database  where  a  dynamic  updating  of  system 
cmnputatirHis  takes  place.  The  partial  result  of  a  computation  can  exist  in  woiking  memory  at  any 
momenL  Each  node  from  the  value  tree  hierarchy  has  a  corresponding  object  in  the  internal  database. 
The  object  carries  all  necessary  information  about  ^  value  tree  liode  (e.g.,  its  supemode  in  the  hierarchy, 
the  mimber  of  its  subnodes,  type  of  entry  needed  from  the  user).  As  the  user  proceeds  through  the  value 
tree  hierardiy,  an  objea  is  generated  in  woiking  memory  for  each  new  iKxle.  The  object  stays  in  the 
woiking  memory  as  long  as  its  information  is  needed  for  computing  the  index  for  the  subhieraichy  of  its 
supemode.  When  the  index  of  its  supenrade  is  computed,  the  object  is  removed  from  woiking  memory. 

The  knowledge  base  contains  the  frame-based  intenuil  representation  of  the  value  tree.  Each  node 
in  die  value  tree  hierandiy  is  represented  by  one  frame  that  coitains  all  static  data  needed  during  system 
operation.  These  data  include  name  of  the  node,  type  of  node  (terminal  or  goal  node),  number  of 
subnodes  (if  goal  node),  names  of  sutmodes,  name  of  the  supemode.  type  of  entry  needed  from  user, 
weight,  etc.  Most  of  this  information  is  passed  to  the  objects  generated  for  each  node  in  woiking  memory. 
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Figure  10.  General  System  Architecture. 
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The  user  interface  ctxisists  of  moiu-goieiating  programs  that  create  the  .nee«2t  j  type  of  menu  for 
different  objects  in  working  memory.  The  user  interface  is  activated  every  time  the  control  module 
defegates  a  program  chunk  that  activates  the  user  interface. 

The  OHitrol  module  oversees  all  odier  system  modules  and  coordinates  their  activities.  It  is 
organized  into  indqxndent  program  chunks  that  operate  on  the  objects  in  working  memory,  coruiect  the 
working  memory  with  the  user  interface  when  ne«led.  obtain  the  information  from  the  knowledge  base 
when  an  object  in  working  memory  is  created  or  updated,  etc.  The  control  module  coordinates  these 
program  chunks  by  deciding  which  will  operate  next  When  there  is  a  ctmflict  b^weoi  two  i»ogram 
chunks,  the  omtrol  module  consults  its  own  small  knowledge  base,  which  contains  informatimi  on  how 
to  resolve  die  conflicts.  Other  parts  of  the  control  module  are  the  working  memory  maintoiance  module 
and  the  interrupt  handler.  The  working  memory  maintetuuice  module  purges  worldng  memory  at  the  aid 
of  a  sessitm.  The  interrupt  handler  is  activated  whoi  the  user  requests  help,  for  example-any  action 
affecting  system  operation  which  caiuiot  entirely  be  predicted. 

The  prototype  of  the  renovation  decision  support  syston  was  written  in  PROLOG,  and  requires  a 
386-based  DOS*-compatible  microcomputer. 


*DOS:  Disk  Operating  Syitem. 
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7  CONCLUSION 


Building  renovation  is  an  important  alternative  to  consider  in  tbe  real-i»opetty  master  planning 
process.  Renovation  may  be  highly  cost-effective  or  may  present  serious  proUems,  dqxnding  on  the 
fadlitys  condition  and  its  ability  to  fulfill  its  intended  mission.  While  smne  quantitative  approaches  exist 
for  measuring  the  value  of  a  building  investment,  qualitative  factors  generally  determine  the  miyor  pan 
of  the  investment  decisioa  Although  some  qualitative  benefits  can  be  quantified  in  mcmetary  terms,  it 
is  not  possiUe  or  i»actical  to  quantify  many  qualitative  benefits  (e.g.,  cmivenience,  quality  of  life,  safety, 
etc.)  in  mon^ary  terms. 

To  address  the  need  for  reliably  determining  a  facility's  functional  condition,  USACERL  developed 
a  comprehensive  set  of  attributes  to  more  objectively  measure  the  functionality  of  a  facility.  Because  most 
of  die  attributes  are  rated  subjectively,  an  index  was  constructed  to  quantify  these  attributes.  Rating  scales 
and  dieir  definitions  were  developed,  and  a  standard  minimum  level  of  forictional  condition-die  dueshold 
value— was  defined  for  each  attribute.  Because  not  all  attributes  are  of  equal  importance  for  a  given 
facility,  procedures  for  weighting  the  attribute  values  were  evaluated  and  incorporated.  The  elonents  of 
the  system  were  presented  to  a  group  of  experts  in  the  field  for  conunent  and  irqMt.  The  result  of  die 
work  was  a  renovadon  decision-support  tool  called  RENMOD. 

The  attributes  and  rating  procedure  can  be  applied  to  facilities  despite  differences  in  age,  facility 
type,  construction  type,  or  conflguratiotL  The  attributes  are  not  affected  by  the  dianges  in  the  standards 
or  complexity  of  requirements.  This  classification  system  can  be  used  by  any  person  with  enough 
knowledge  to  identify  facility  features  and  understarul  plain-language  criteria. 

Special  inofessimial  expertise  (e.g.,  registration  as  an  architect  or  oigineer)  is  not  required  for 
assessment  of  most  functional  condition  attributes,  but  familiarity  widi  Army  regulations,  standard  design 
features,  and  design  guides  will  help  the  inspector.  Knowledge  of  the  criteria  is  required,  however.  And 
it  is  important  to  note  that  professional  expertise  is  required  to  inspect  and  evaluate  health  and  safety 
features,  engineering  systems,  security,  and  communications. 

USACERL  implemented  RENMOD  on  a  microcomputer  to  provide  automated  decision  support  for 
fiinctimial  omdition  assessments.  The  user  inputs  facility  information,  and  the  computer  calculates  a 
functional  ermdition  index  (FCl)  for  the  facility.  This  index  can  help  the  facility  planner  or  manager 
detennitM  the  need  for  renovation. 

The  assessment  and  rating  process  described  in  this  report  can  be  ai^lied  to  determining  the 
suitattility  of  a  facility's  location  as  well  as  its  functional  suitability.  The  process  can  also  be  used  to 
emnpare  ttie  functionality  of  alternative  facilities. 

Because  the  model  on  which  this  process  is  based  can  weight  attributes  differently  to  adrqtt  to 
difietoit  facility  types  or  user  requirements,  the  iq^roach  described  here  appears  to  be  a  very  practical 
general  tool  to  evaluate  facility  conditioa 
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APPENDIX  A:  Methods  for  Determinuig  Weights 


To  ^lantify  ttK  impoitance  of  an  attribute  to  the  functional  condition  of  a  facility,  a  weighting  factor 
must  be  ibnnuli^.  Various  weighting  schemes  are  used  in  practice,  and  the  model  presented  in  this 
report  can  be  used  with  any  of  them-although  some  are  more  appropriate  than  others.  This  ^rpendix 
presents  relevant  weighting  schemes  and  provides  a  detailed  description  of  the  Analytical  Hierarchy 
Process  (AHP),  the  method  this  study  recommends.  Although  AHP  seems  to  be  the  most  advantageous 
weighting  scheme,  different  situations  may  require  different  weighting  sctemes.  Furthermore,  it  is  often 
advisaUe  to  use  mote  than  one  weighting  mediod  to  eliminate  potential  inconsistencies. 


Weighting  Schemes 

In  the  following  examples  of  weighting,  the  original  attribute  structure  is  used  in  which  foe  building 
layout  suitability  component  of  the  functional  condition  consists  of  seven  subcomponents: 

1.  Functional  spaces  (FS) 

2.  Functional  space  layout  suitability  (FSLS) 

3.  Supporting  spaces  (SS) 

4.  Ceiling  height  (CH) 

5.  Access  to  material  and  equipment  (AME) 

6.  Handicap  access  (HA) 

7.  Floors  (F). 

Ratio  Method 

Rrst,  foe  decisionmaker  is  asked  to  rank  order  foe  7  attributes.  Sui^x)se  foe  order  (from  most 
important  to  foe  least)  is  as  follows: 

1.  FS 

2.  FSLS  and  SS 

3.  AME 

4.  HA 

5.  CHandF. 

Note  that  FSLS  and  SS  are  perceived  to  be  equally  important,  so  are  CH  and  F.  Next,  the  least 
important  attribute  (in  this  case  both  CH  and  F)  is  given  foe  weight  of  10.  Then,  foe  decisionmaker  is 
asked  the  strmgth  of  importance  of  the  next  attribute  from  foe  bottom,  relative  to  foe  least  important  one. 
In  this  case,  suppose  the  decisionmaker  expressed  that  HA  is  twice  as  important  as  CH  and  F.  Then  the 
weight  of  HA  is  20.  Next,  the  decisionmaker  found  AME  three  times  more  important  than  CH  and  F,  so 
AME’s  weight  is  30.  The  other  values  are  set  the  same  way.  Sufqwse  foe  resulting  raw  weights  are: 


FS 

80 

FSLS 

50 

SS 

50 

AME 

30 

*  This  part  of  the  researdi  was  conducted  using  the  original  attribute  tree,  as  presented  in  Figure  1  (Giapter  1).  Although  the 
attribute  tree  was  later  refined  and  modified  (Figure  2),  the  assumptions  and  logic  of  this  discussion  pertain  to  the  new  tree  as 
well  as  the  old. 
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HA 

CH 

F 


20 

10 

10 


To  normalize  these  raw  weights,  divide  each  by  the  sum  of  all  weights.  The  result  is  die  set  of 
weights  required: 

FS  0.32 
FSLS  0.20 
SS  0.20 
AME  0.12 
HA  0.08 
CH  0.04 
F  0.04 

The  sum  of  these  normalized  weights  is  1.00,  so  each  wei^  can  be  treated  as  fraction  or  as  percentage. 
For  example,  based  upon  the  above  results,  one  may  more  easily  see  that  20  percent  of  the  building  layout 
suitability  depends  on  the  condition  of  the  su|qx»ting  spaces  (in  this  exanqile). 

The  ratio  mediod  is  simple  and  widely  used.  One  drawback  is  diat  it  does  not  consider  the  range 

of  possibilities  ftn*  an  attribute.  For  example,  cost  may  generally  be  the  most  inqxxtant  attribute  for  a 

person  evaluating  cars  to  purchase.  However,  consider  a  person  living  in  a  small  town  widi  only  one  auto 
dealership,  where  the  prices  of  all  cars  are  very  similar.  In  such  a  case,  other  attributes  tend  to  become 
more  impmtant  than  price  because,  widiin  the  conditions  of  die  specific  example,  price  is  by  definition 
no  longer  the  most  important  attribute.  In  cases  where  die  range  of  possible  values  for  an  attribute  is 
narrow,  the  ratio  meth^  is  not  a  good  one  to  enqiloy.  In  fact,  only  die  swing  method,  described  below, 
conaders  the  range  of  scores  that  can  be  assigned  to  attributes. 

Point  Allocation 

In  diis  direct-elicitation  method,  the  decisicmmaker  is  asked  the  following  question:  Suppose  you 
have  100  points,  how  would  you  distribute  diem  over  die  attributes.  The  distribution  reflects  the  relative 
imp(»tance  of  the  attributes.  It  can  be  seen  that  this  is  a  highly  subjective  qiproach;  the  model's  accuracy 
depoids  on  the  expertise  of  the  decisirmmaker. 

Swing  Method 

The  decisionmaker  is  asked  to  imagine  a  facility  with  die  wm^t  possible  value  for  each  attribute. 
Then  the  decisionmaker  is  asked,  **If  you  could  swing  (me  of  the  attributes  from  its  lowest  level  to  its  best 
level,  which  would  you  choose?” 

In  the  current  example,  suppose  that  the  decisionmaker  chose  to  swing  FS  from  the  worst  to  the  best 
value,  to  have  the  greatest  positive  effect  on  building  layout  suitability.  By  definititm,  then,  FS  would  be 
the  most  inqxwtant  attribute. 

The  same  qimsticm  is  repeated  for  the  remaining  six  attributes.  The  responses  provide  a  |m(mty 
ranking  of  die  attributes.  Ftm  die  purposes  of  this  example,  suf^iose  the  result  is  die  same  ranking  mder 
givoi  in  the  ratio  method  example  above. 
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To  deteraiine  the  raw  weights,  first  assign  100  to  the  most  important  attribute,  which  is  FS.  Then 
adr,  “What  percentage  of  FS  is  the  significance  of  swinging  FSLS  (or  SS)  fixan  the  worst  to  the  be^ 
possible  level?”  Suppose  the  answer  is,  “The  swing  in  FSLS  or  in  SS  is  SO  percent  as  significant  as  the 
swing  in  FS,  as  far  as  building  layout  suitability  is  concerned."  Next,  ask  the  same  question  for  AME, 
then  for  HA,  and  firudly  for  CH  or  F.  Suppose  the  results  are  as  follows: 


FS  100 

FSLS  so 

SS  so 

AME  20 

HA  IS 

CH  S 

F  S 

To  normalize  these  raw  weights,  divide  each  by  the  sum  of  all  weights.  The  result  is  the  set  of 


weights  required: 

FS 

0.408 

FSLS 

0.204 

SS 

0.204 

AME 

0.082 

HA 

0.061 

CH 

0.020 

F 

0.020 

The  sum  of  these  normalized  weights  is  L(X).  Therefore,  each  weight  can  be  treated  as  fraction  or 
percentage.  For  example,  based  upon  the  above  results,  it  is  easy  for  the  user  to  see  that  20.4  percent  of 
building  layout  suitability  depends  on  the  condition  of  the  supporting  spaces. 

Rank  Sum  Weight 

This  method  requires  only  the  rank  ordering  of  alternatives.  The  degree  of  importance  of  each 
attribute  is  not  elicited.  Instead,  the  weights  are  computed  using  the  following  formula: 


N-R,  +  1 

=  - 

E  (N-R,  +  1) 
J-i 


[Eq  Al] 


rf^re  W,  is  the  normalized  weight  for  attribute  i 
N  is  the  number  of  attributes  (seven  in  this  case) 

R,  is  the  rank  order  (position)  of  attribute  i. 

For  instance,  in  the  above  case,  consider  attribute  2— FSLS.  Its  rank  is  2,  so  its  weight  is  computed 
as  follows: 

W,  =  (7-2+1)/[(7-1+1)+(7-2+1)+(7-2+1)+(7-3+1)+(7-4+1)+(7-5+1)+(7-5+1)] 
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which  yields  Wj  =  0.1764.  This  method  yields  the  following  weights  for  the  seven  attributes. 


FS 

0.206  (0.233) 

FSLS 

0.177  (0.200) 

SS 

0.177  (0.200) 

AME 

0.147  (0.133) 

HA 

0.117  (0.100) 

CH 

0.088(0.067) 

F 

0.088(0.067) 

Note  that  in  the  above  computations.  FSLS  and  SS  both  rank  second.  The  question  is  whether  the 
next  attribute,  AME,  should  rank  third  or  fourth?  In  the  above  computation,  AME  was  assumed  to  rank 
third.  The  numbers  in  parentheses  give  the  weights  if  it  is  assumed  that  AME  ranks  fourth,  HA  ranks 
fifth,  and  CH  and  F  tie  at  sixth. 

Rat^  Exponent  Weights 

Similar  to  the  foregoing  method,  this  method  requires  ouiy  a  rank  ordering  of  the  attributes.  The 
formula  for  computing  the  weights  is: 

IfR. 

"  N  [Eq  A2] 

S  (l/Rj) 

j-> 


where  W,,  R,,  and  N  are  defined  as  in  Equation  Al,  and  computations  are  done  as  above. 

Analytical  Hierarchy  Process 

AHP  is  based  on  the  comparison  of  attributes  two  at  a  time.  Considering  the  current  example  and 
using  the  scale  given  in  Table  Al,  fill  the  matrix  by  putting  Is  in  the  diagonal  positions  as  indicated.  The 
values  in  the  21  boxes  above  and  right  of  the  diagonal  line  of  Is  are  supplied  by  the  decisionmaker;  the 
values  below  and  left  of  the  Is  are  reciprocals  of  ones  supplied  by  the  decisionmaker. 

As  an  example,  consider  Row  3  in  the  matrix  (SS).  To  compute  the  upper-right  entries,  the 
decisionmaker  is  asked,  “How  important  is  SS  compared  to  CH?”  Suppose  the  answer  is  “the  same.” 
Put  1  in  the  cell  at  Row  3,  Column  4.  Likewise,  because  the  importance  of  SS  and  AME  are  the  same, 
put  1  in  the  cell  at  Row  3,  Column  S.  Next,  the  decisionmaker  states  that  SS  is  one-third  more  important 
than  HA  (conversely,  HA  has  weak  importance  over  SS),  so  put  1/3  in  the  cell  at  Row  3,  Column  6. 
Finally,  SS  is  stated  to  be  strongly  more  important  than  F,  so  put  S  in  Row  3,  Column  7.  Complete  the 
other  rows  in  the  same  fashion. 

This  elicitation  process  collects  redundant  informaticm,  which  is  used  for  consistency  checks.  For 
example,  in  Row  3,  Columns  4  and  5  have  Is,  meaning  that  the  importance  of  SS  is  equal  to  the 
importance  of  CH  and  AME.  This  implies  that  CH  and  AME  must  have  the  same  importance.  However, 
in  the  cell  at  Row  3,  Column  4  there  is  a  3,  which  means  that  CH  is  three  times  more  important  than  SS 
(or  that  CH  has  a  weak  importance  to  AME).  Such  inconsistencies  are  inevitable,  and  are  acceptable,  as 
long  as  they  do  not  exceed  a  certain  limit.  AHP  provides  means  for  computing  a  consistency  ratio,  which 
indicates  whether  the  results  are  acceptable  or  not. 
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Table  A1 


AHP  Evaluation  Matrix 


Building  Layout 
Suitability 

Functional 

Spaces 

Functional 
Space  Layout 
Suitability 

Supporting 

Spaces 

Ceiling 

Height 

Access  to 
Material  and 
Equipment 

Handicap 

Access 

Floors 

Functional  Spaces 

1 

1 

1/3 

1/3 

1/3 

1 

7 

Functional  Space 
Layout  Suitability 

1 

1 

1/3 

3 

1 

1 

5 

Supporting  Spaces 

3 

3 

1 

1 

1 

1/3 

5 

Ceiling  Height 

3 

1/3 

1 

1 

3 

1/3 

5 

Access  to  Material 
and  Equipment 

3 

1 

1 

1/3 

1 

1/3 

3 

Handicap  Access 

1 

1 

3 

3 

3 

1 

5 

Floors 

1/7 

1/5 

1/5 

1/5 

1/3 

1/5 

1 

1 

After  eliciting  the  comparisons  and  constructing  the  above  matrix,  weights  are  determined  by  the 
following  two  operations: 

1.  Normalize  each  column  by  dividing  each  entry  in  the  column  by  the  sum  of  all  entries  in  that 
column 

2.  Take  the  average  of  all  entries  in  each  row  of  the  normalized  matrix;  this  determines  the  weight 
of  the  attribute  in  that  row. 

The  matrix  given  above  yields  the  following  weights: 


FS 

0.114 

FSLS 

0.158 

SS 

0.178 

CH 

0.157 

AME 

0.120 

HA 

0.243 

F 

0.029 

The  consistency  ratio  is  46  percent,  which  indicates  poor  consistency.  The  recommended  upper  limit 
for  good  consistetKy  is  10  percent.  The  result  in  this  example  is  suspect. 


Choice  of  a  Weighting  Scheme 

Four  criteria  are  used  for  the  choice  and  application  of  a  weighting  scheme:  ease  of  use, 
trustworthiness,  robustness,  and  technical  validity. 
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Ease  of  use  and  tnistworthiness  depend  upon  the  context  of  the  problem  and  the  aptitudes  of  the 
users.  The  methods  described  above  were  presented  to  six  planners  from  different  Army  installations. 
AHP  was  chosen.  (This  result  was  further  verified  by  participants  in  the  USACE^  RENMOD 
Workshop.) 

When  using  AHP,  RENMOD  was  found  to  be  insensitive  to  small  random  variances  in  judgments 
about  the  weights. 

The  technical  validity  issue  has  three  compor^ts; 

Convergent  validity.  Weights  derived  by  different  methods  should  be  compared  with  each  other. 
Furthermore,  the  FCI  obtained  at  the  end,  using  the  weighted  model,  is  compared  with  the  holistic 
evaluatiotL  The  holistic  method  does  not  evaluate  each  iUtribute,  but  the  overall  functiorud  condition.  If 
the  results  are  close  to  each  other  (technically  measured  by  tau-correlation),  then  the  ctmvergent  validity 
is  satisfied. 

Internal  consistency.  A  given  method  is  used  by  different  individuals,  or  by  the  same  individual 
at  different  times.  If  the  results  agree  with  each  other,  then  internal  consistency  is  satisfied. 

Exterml  validity.  Weights  and  the  FCI  are  compared  to  an  externally  obtained  result  For  example, 
benchmark  weights  could  be  determined  by  experts  in  carefully  designed  interview  sessions.  Or,  if  there 
is  a  generally  agreed-upon  case  of  facility  condition  evaluation,  the  model  with  the  weighted  attributes 
could  be  used  also  for  the  same  facility,  to  see  if  the  model  yields  the  same  generally  accepted  evaluation 
result 


A  number  of  experimental  studies  have  analyzed  the  validity  of  the  weighting  schemes  along  these 
three  dimensions  (von  Winterfeldt  and  Edwards  1986;  Borcherding,  Eiqrel,  and  von  ^nterfeldt  1991). 
These  studies  did  not  find  one  method  to  be  better  or  worse  in  any  of  these  validity  dimensions. 
However,  in  different  contexts,  one  method  may  perform  better  than  another. 

In  the  absence  of  general  support  for  one  method,  the  question  is  which  method  works  best  in  the 
corkext  of  evaluating  facilities.  There  is  no  reported  study  on  the  aiqdication  of  diese  weighting  schranes 
to  facility  condititxi  evaluation. 

In  the  absence  of  hard  research  pertaining  to  weighting  schemes  for  facility  evaluatitm,  two  rules 
of  thumb  may  be  helpful: 

1.  The  user  should  feel  comfortable  with  the  method,  and  trust  how  it  works 

2.  Proper  administration  of  the  elicitat'on  procedure,  computations,  and  analysis  are  immeasurably 
more  important  than  the  specific  weighting  sciicr'ic  ''mployed. 
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APPENDIX  B:  Application  of  the  Model  and  Numerical  Results 


The  model  developed  in  this  study  was  tested  in  two  different  settings.  First,  a  “knowledgeable 
individual” — not  the  decisionmaker  but  a  person  qualified  to  inspect  facilities  and  consider  renovation 
issues — was  presented  with  the  model  and  the  weighting  schemes.  Second,  six  platuiers  from  different 
installations  were  presented  the  weighting  schemes,  and  their  importance  judgments  were  elicited  using 
the  AHP  method.  Note  that  the  results  obtained  frcan  the  individual  were  not  updated  to  reflect 
RENMOD's  final  attribute  structure.  Instead,  the  old  attribute  structure  was  retained  because  the 
simulation  for  tire  model  robusmess,  in  Appendix  C,  was  conducted  using  weights  for  the  old  attributes. 
Assessment  of  the  weighting  schemes  would  not  be  affected  by  the  subsequent  revision  of  the  attribute 
structure. 


Knowledgeable  Individual 

The  “knowledgeable  individual”  knew  the  details  of  the  simulated  facility  renewal  issue,  functional 
condition  evaluation,  RENMOD,  and  the  weighting  schemes.  This  person  was  asked  to  assess  the 
importance  of  all  fimctional  condition  attributes  using  three  different  weighting  schemes.  At  least  1  day 
passed  between  the  use  of  each  method  so  the  individual  would  not  remember  earlier  judgments. 

The  results  are  summarized  in  Table  Bl. 

There  are  minor  discrepancies  among  the  weights  assigned  by  the  same  person  using  different 
methods.  To  check  whether  such  discrepancies  can  have  significant  impact  on  the  final  result,  a 
robustness  analysis  was  conducted  (see  Appendix  C). 


Table  B1 


Results  of  Different  Weighting  Schemes  Used  by  the  Same  Individual 


Functional  Condition 


Building  Layout  Suitabili 


Health  and  Safe 


Grounds 


Sound  and  Visual  Environment 


Eiectricai 


Water/Plumbin 


HVAC 


Buiit-ln-Equipment 


Securi 


Communications 


Enviromentai  impact 


Aesthetics/image 


Ratio 

AHP 

SWING 

Point  Allocation 

Method 

Method 

Method 

Method 

Weight 

IB  Ynn  il  ^ 

Weight 

0.256 

0.268 

0.346 

0.3 

0.128 

0.188 

0.173 

0.12 

0.064 

0.046 

0.052 

0.07 

0.096 

0.081 

0.069 

0.08 

0.096 

0.089 

0.069 

0.08 

0.077 

0.058 

0.052 

0.07 

0.096 

0.101 

0.069 

0.08 

0.006 

0.009 

0.003 

0.01 

0.064 

0.045 

0.042 

0.06 

0.064 

0.08 

0.069 

0.06 

0.032 

0.016 

0.028 

0.05 

0.019 

0.02 

0.028 

0.02 

Building  Layout  Suitabili 


Functional  Spaces  (Quantitative 


Functional  Space  Layout  Suitabil 


Su 


Ceiling  Height 


Access  to  Materiai  and  Equipment 


Handicap  Access 


Floors 


0.221 

0.449 

0.408 

0.176 

0.191 

0.204 

0.074 

0.154 

0.204 

0.221 

0.02 

0.02 

0.074 

0.084 

0.082 

0.015 

0.082 

0.061 

0.221 

0.02 

0.02 

Functional  Space  Layout  Suitability 


Shape  Of  Functional  Spaces 


Functional  Adjacencies 


Weight 

Weight 

0.875 

0.625 

0.125 

0.375 

Supporting  Spaces 


Availability  of  Su 


Weight 


0.833 


0.167 


Weight 


.9 


0.1 


Weight 


0.667 


0.333 


Table  B1  (continued) 


Accosa  to  Material  and  Equipment 


Width  and  Height  of  Doors 


Circulation  (corridor,  width  etc. 


0.167 


0.833 


0.333 


0.667 


Floors 


Roor  Loads 


Roor  Rnishes 


Ratio 

AHP 

SWING 

Method 

Method 

Method 

■VffPl.T 

Weight 

Weight 

0.889 

0.125 

0.231 

0.111 

0.875 

0.769 

Point  Allocation 
Method 


Health  and  Safety 


Fire  Safe 


Heaith  Risks 


Ooerationai  Safe 


Structural  Safety 


Weight 

Weight 

Weight 

Weight 

0.25 

0.25 

0.303 

0.25 

0.25 

0.25 

0.303 

0.25 

0.25 

0.25 

0.091 

0.25 

0.25 

0.25 

0.303 

0.25 

Grounds 


ParWn 


Vehicular  Access 


Landscapin 


Weight 

0.353 

0.231 

0.333 

0.3 

0.588 

0.231 

0.476 

0.5 

0.059 

0.231 

0.19 

0.2 

Sound  and  Visual  Environment 

^¥eight 

Weight 

Weight 

Acoustics 

0.667 

0.75 

0.588 

Visual  Environment  and  Glare 

0.333 

0.25 

0.412 

Weight 


Electrical 


Building  Power  SuppI 


Power  Distribution 


Adequacy  of  Electrical  Fixtures 


Weight 


Weight 

.  Weight 

0.462 

0.435 

0.462 

0.348 

0.077 

0.217 

Weight 


Water/Plumbin 


Water  Suppf 


Plumbing  System 


Weight 

Weight 

Weight 

0.667 

0.875 

0.625 

0.333 

0.125 

0.375 

Weight 


Table  B1  (continued) 


HVAC  Suitability 

KHiHI 

Ti'flnillf 

Temperature  and  Humidity 

0.5 

0.5 

0.5 

0.5 

Ventilation 

0.5 

0.5 

0.5 

0.5 

Aesthetics/Image 

mv/irna 

■KZSiISBl 

Exterior  Appearance 

0.333 

0.429 

0.37 

0.33 

Appearance  of  Public  Spaces 

0.333 

0.429 

0.37 

0.34 

Appearance  of  Interior  Spaces 

0.333 

0.143 

0.259 

0.33 

Six  Planners 


Six  facility  planners  from  different  installaticms  tested  RENMOD,  and  selected  the  AHP  method  as 
the  most  effective  weighting  scheme.  The  results  of  die  planners'  judgments  are  given  in  Tables  B2  and 
B3.  for  administrative  and  gcneral-puipose  facilities,  respectively. 

There  are  substantial  differences  between  the  weights  assigned  by  the  different  planners.  These 
differences  may  be  attributed  to  the  following  factors: 

1.  The  planners  received  only  a  brief  introduction  (about  30  minutes)  to  AHP  before  they  started 
using  it  They  might  have  made  mistakes  through  inexperience.  The  high  inconsistency  ratios  siqiport 
this  possibility. 

2.  The  planners,  coming  from  different  backgrounds  and  installations,  may  have  been  influenced 
by  dKir  imme^ate  facility  planning  problems.  This  [dienomenon,  called  salience  effect,  causes  an 
iiidividual  to  perceive  a  currently  pressing  issue  as  more  important  than  it  is  in  general  (Taylor  1982). 

3.  Planners  simply  disagree  on  the  importance  of  certain  attributes. 

Through  a  systematic  aruilysis  and  some  carefully  designed  corrununication  between  the  analyst  and 
{riatmers,  these  discrepancies  may  be  identified  and  minimized. 
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Table  B2 


Results  of  Weighting  Exo'cise  for  Administrative  Facility  by  Six  Planners  Using  AHP 


ADMIN  Faclll 


Functional  Condition 


Building  Layout  Suitability  I  0.08  I  0.117  I  0.003  I  0.03  I  0.046  I  0.106 


Health  and  Safety  I  0.127  0.248  0.244  0.25  0.072  0.236 


Grounds  I  0.064  0.012  0.02  0.016  0.041  0.013 


Sound  and  Visual  Environment  I  0.12  0.035  0.021  0.039  0.03  0.04 


Electrical  I  0.129  0.116  0.12  0.069  0.096  0.054 


Water/Plumbing  I  0.099  0.054  0.112  0.069  0.096  0.041 


HVAC  I  0.085  0.054  0.167  0.069  0.114  0.084 


Built-In-Equipment  0.037  0.012  0.032  0.025  0.021  0.05 


Security  I  0.093  0.038  0.03  0.098  0.062  0.048 


Communications  I  0.06  0:091  0.119  0.069  0.089  0.062 


Enviromental  Impact  0.086  0.201  0.024  0.255  0.316  0.249 


Aesthetica/lmage  I  0.02  |  0.023  I  0.018  0.012  0.017  0.018 


Buiidin 


Functional 


Functionaf 


out  Sultabll 


es  (Quantitative 


Layout  Suitabiti 


Ceiling  Height 


Access  to  Material  and  Equipment 


Handicap  Access 


Floors 


0.114 

0.222 

0.242 

0.158 

0.118 

0.242 

0.178 

0.022 

0.086 

0.157 

0.027 

0.027 

0.12 

0.071 

0.116 

0.243 

0.352 

0.26 

0.029 

0.188 

0.027 

0.186 


0.113 


.066 


0.042 


0.116 


0.452 


0.026 


0.088 

0.148 

0.116 

0.165 

0.044 

0.113 

0.068 

0.053 

0.15 

0.056 

0.292 

0.431 

0.242 

0.034 

Ayailabiiity  of  Functional 


and  DitnensiorM 


0.875 


0.125 


0.9 

0.833 

0.167 

0.1 

0.167 

0.833 

Of  Functional 


Functional  Adacendes 


0.75 

0.833 

0.25 

0.75 

0.25 

0.167 

0.25 

0.167 

0.75 

0.25 

0.75 

0.833 

AvailabiTity  of  Su 


out  of  Su 


0.875 

0.833 

0.833 

0.875 

0.75 

0.125 

0.167 

0.167 

0.125 

0.25 
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Table  B2  (continued) 


ADMIN  Facm 


Accms  to  Matortai  and 


Width  and  Height  of  Doors 


Circulation  (corridor,  width  etc. 


0.167 


0.833 


Hoora 


Floor  Loads 


Floor  Finishes 


0.833 


0.167 


0.833 


0.167 


0.875 


0.125 


0.8881 


0.113 


0.833 


0.167 


Health  and  Safe 


Fire  Safe 


Health  Risks 


ational  Safe 


Structural  Safe 


0.224 

0.165 

0.418 

0.223 

0.125 

0.161 

0.403 

0.217 

0.223 

0.125 

0.13 

0.335 

0.081 

0.509 

0.125 

0.484 

0.098 

0.283 

0.045 

0.625 

Grounds 


Parki 


Vehicular  Access 


0.49 

0.081 

0.243 

0.303 

0.455 

0.455 

0.451 

0.638 

0.669 

0.607 

0.455 

0.455 

0.059 

0.281 

0.088 

0.09 

0.091 

0.091 

Sound  and  Visual  Environment 


Acoustics 


Visual  Enviroiunent  arvl  Glare 


0.833 

0.875 

0.75 

0.75 

0.167 

0.125 

0.25 

0.25 

Electrical 


Building  Power  Su 


Power  Distribution 


0.526 

0.143 

0.429 

0.658 

0.253 

0.253 

0.304 

0.429 

0.429 

0.253 

0.658 

0.658 

0.17 

0.429 

0.143 

0.089 

0.089 

0.089 

Table  B2  (continued) 


ADMIN  Facility 

Water/Plumbing 

A 

B 

C 

D 

E 

F 

Water  SuddIv 

0.5 

0.5 

0.75 

0.875 

0.75 

0.75 

0.5 

0.5 

0.25 

0.125 

0.25 

0.25 

1  1 

1  HVAC  Suitability 

A 

B 

C 

D 

E 

F 

1  Temperature  and  Humidity 

0.5 

0.167 

0.5 

0.75 

0.5 

0.75 

1  Ventilation 

0.5 

0.833 

0.5 

0.25 

0.5 

0.25 

Aaathetlea/linage 

A 

B 

C 

D 

E 

F 

Exterior  Appearance 

0.321 

0.106 

0.429 

0.12 

0.14 

0.455 

Appearance  of  Public  Spaces 

0.225 

0.26 

0.429 

0.549 

0.574 

0.455 

Appearance  of  Interior  Spaces 

0.454 

0.633 

0.143 

0.331 

0.286 

0.091 
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Table  B3 


Results  of  Weighting  Exercise  for  Generai*Purpose  Facility  by  Six  Planners  Using  AHP 
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Table  B3  (continued) 


WAREHOUSE  FaGlh 


Access  to  Matsclal  and 


Width  and  Height  of  Doors 


Circuiation  (corridor,  width  etc, 


.5 

0.25 

.5 

0.75 

Health  and  Safa 


FkeSafi 


HeaMh  Risks 


tionai  Safe 


Structurai  Safe 


0.161 

0.159 

0.399 

0.25 

0.25 

0.224 

0.21 

0.161 

0.25 

0.25 

0.13 

0.573 

0.083 

0.25 

0.25 

0.484 

0.058 

0.357 

0.25 

0.25 

Grounds 


Park! 


Vehicuiar  Access 


0.49 

0.232 

0.302 

0.263 

0.216 

0.216 

0.451 

0.697 

0.622 

0.685 

0.729 

0.723 

0.059 

0.072 

0.076 

0.052 

0.055 

0.061 

Sound  and  Vlaual  Environment 


Acoustics 


Visual  Environment  and  Glare 


.167 


0.833 


0.833 

0.25 

0.75 

0.167 

0.75 

0.25 

Electrical 


Building  Power  Su 


Power  DistnlHition 


Fixtures 


[ssisTasssi 


0.455 

0.09 

0.429 

0.697 

0.26 

0.253 

0.455 

0.607 

0.429 

0.232 

0.633 

0.658 

0.091 

0.303 

0.143 

0.072 

0.106 

0.089 
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Table  B3  (continued) 
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APPENDIX  C:  Robustness  Analysis  of  the  Weighting  Schemes  and  Model 


The  proposed  model  and  weighting  scheme  requires  a  substantial  amount  of  judgmental  input.  Therefore, 
it  is  important  that  the  model  results  are  not  sensitive  to  the  inevitable  variances  in  judgments  anong 
individuals,  over  time,  or  at  different  locations. 

In  Appendix  B,  weights  elicited  from  a  knowledgeable  individual  using  different  weighting  schemes  are 
shown  (Table  Bl).  Minor  discrepancies  are  evident  among  the  weights  assigned  by  the  same  person  using 
different  methods.  The  effects  of  such  minor  discrepancies  on  the  FCI  was  tested. 

Using  the  Monte  Carlo  simulation,  1(X)  sets  of  attribute  scores  were  generated.  The  following  case  was 
simulated:  suppose  100  different  individuals  evaluated  the  functional  condition  of  a  given  facility  over 
each  attribute  given  in  this  report.  Assume  that  each  individual  can  assign  a  different  score  to  the  same 
attribute.  Suppose  also  that  the  range  of  difference  can  be  as  large  as  three  points  out  of  eight.  In  other 
words: 

•  Each  attribute  is  assigned  a  score  between  0  (worst  possible)  and  8  (best  possible) 

•  The  score  assigned  by  each  individual  to  each  attribute  can  be  any  number  between  1.5  and  4.5—  a 
random  variable  uniformly  distributed  with  mean  3  and  range  3. 

Using  the  weights  given  by  each  method,  the  overall  functional  condition  of  the  hypothetical  facility  is 
computed.  These  results  are  given  in  Table  Cl  and  are  plotted  in  Figure  Cl .  A  visual  inspection  indicates 
that  the  overwhelming  majority  of  the  results  fall  between  2.5  and  3.5,  i.e.,  a  range  of  one  point.  This 
is  a  remarkably  robust  result 
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Table  Cl 


Simulation  Results  Based  on  a  Knowledgeable  Individual’s  Weights 
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0  20  40  60  80  100 

Evaluation  Number 

Figure  Cl.  Plot  of  Simulated  FCIs  Using  a  Knowledgeable  Individual’s  Results.  Note:  Each 
different  shape  refers  to  a  different  weighting  scheme  used  by  Kl. 


Next,  a  more  realistic  case  was  simulated.  Suppose  die  weights  are  given.  One-hundred  inspectors 
assess  the  condition  of  each  attribute  of  a  given  facility.  Suppose  the  facility  is  in  relatively  poor  shape, 
so  the  scores  for  each  attribute  vary  uniformly  between  0  and  4.  Then,  the  overall  FCI  given  by  each 
inspector  is  computed.  As  shown  in  Figure  C2,  the  resulting  functional  indices  are  not  widely  spread,  but 
are  ccmcentrated  around  2.00,  as  expected.  The  judgmental  variances  of  between  0  and  4  were  not  passed 
along  to  the  resulting  indices.  The  great  majority  of  the  results  fall  between  a  narrow  range  of  1.82  and 
2.20.  This  is  a  remarkably  robust  result  for  uniform  distribution. 

2  8.' 


1.30-  1.43-  l.SO'  1.89-  1.93-  1.9S-  2.09-  2.21-  2.34-  2.47- 

1.42  1.59  1.68  1.81  1.94  2.07  2.20  2.33  2.46  2.60 

•ooro  Ronoo* 


Figure  C2.  Simulated  FCIs  Using  100  Hypothetical  Inspectors. 
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APPENDIX  D:  Condition  Evaluation  Report 


RENOVATION  DECISION  SUPPORT  SESSION  REPORT 

*  Facility  type;  admin 

*  Mission  type:  permanent 

*  Utilization:  overutilized 

*  Facility  type  (permanent  or  temporary) :  permanent 

*  Facility  condition:  0.783 

Functional  Condition:  0.790 
weight:  0.600 

Functional  condition  recommendation: 

This  facility  is  functionally  adequate. 
Functional  condition  threshold  level  is  0.69. 


1.  Functional  spaces  suitability:  0.750 
weight;  0.100 

1.1.  Functional  spaces  (quantitative):  poor  (4.0) 
weight;  0.500 

1.2.  Functional  space  layout*,  good  (8.0) 
weight;  0.500 

2.  Supporting  spaces  suitability:  0.834 
weight:  0.081 

2.1.  Supporting  spaces  (quantitative);  good  (8.0) 
weight:  0.667 

2.2.  Layout  of  supporting  spaces:  poor  (4.0) 
weight:  0.333 

3.  Ceiling  height;  moderate  (6.0) 
weight:  0.021 

4.  Access  to  material  and  equipment:  0.917 
weight:  0.039 

4.1.  Width  and  height  of  doors:  moderate  (6.0) 
weight:  0.333 

4.2.  Circulation  (corridor  width  etc.);  good  (8.0) 
weight:  0.667 

5.  Handicap  access:  good  (8.0) 
weight;  0.032 

6.  Floors;  1.000 
weight:  0.021 

6.1.  Floor  loads :  good  (6.0) 
weight:  0.231 

6.2.  Floor  finishes:  good  (8.0) 
weight:  0.769 
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7.  Health  and  safety;  0.890 
weight:  0.060 

7.1.  Fire  safety:  excellent  (8.0) 
weight:  0.330 

7.2.  Health  risks  (asbestos,  fumes,  radon,  etc.):  moderate  (4.0) 
weight;  0.330 

7.3.  Operational  safety:  good  (6.0) 
weight;  0.340 

8.  Grounds:  0.840 
weight;  0.060 

8.1.  Parking :  good  (6.0) 
weight:  0.333 

8.2.  Vehicular  access:  moderate  (4.0) 
weight:  0.476 

8.3.  Landscaping:  good  (6.0) 
weight:  0.190 

9.  Sound  and  visual  environment:  1.000 
weight;  0.060 

9.1.  Acoustics:  good  (6.0) 
weight:  0.588 

9.2.  Visual  environment  and  glare:  good  (6.0) 
weight:  0.412 

10.  Electrical  service;  0.855 
weight:  0.060 

10.1.  Building  power  supply;  moderate  (4.0) 
weight:  0.435 

10.2.  Power  distribution:  good  (6.0) 
weight:  0.348 

10.3.  Adequacy  of  fixtures;  good  (6.0) 
weight:  0.217 

11.  Water/Plximbing;  0.667 
weight:  0.060 

11.1.  Water  supply:  moderate  (4.0) 
weight:  0.625 

11.2.  Plvunbing  system:  moderate  (4.0) 
weight;  0.375 

12.  HVAC  suitability:  0.667 
weight;  0.060 

12.1.  Temperature  and  humidity:  moderate  (4.0) 
weight:  0.500 

12.2.  Ventilation:  moderate  (4.0) 
weight:  0.500 

13.  Built-In-Equipment:  moderate  (4.0) 
weight:  0.060 

14.  Security;  good  (6.0) 
weight:  0.060 

15.  Communications:  good  (6.0) 
weight:  0.060 

16.  Environmental  impact:  good  (6.0) 
weight:  0.060 
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17.  Aesthetics/ Image :  0.703 

weight:  0.040 

17.1.  Exterior  appearance:  moderate  (4.0) 
weight:  0.370 

17.2.  Appearance  of  public  spaces:  good  (6.0) 
weight:  0.370 

17.3.  Appearance  of  interior  spaces:  poor  (2.0) 
weight:  0.260 

18.  Location  suitability: 

weight : 

18.1.  Landuse  compatibility: 
weight : 

18.2.  Environmental  compliance: 
weight : 

18.3.  Safety  compliance; 
weight : 

18.4.  Impact  on  ACOE: 
weight : 

18.5.  Transportation  suitability: 
weight : 

18.6.  Suitability  of  utilities: 
weight ; 

18.7.  Efficiency  of  operations: 
weight ; 


Physical  condition;  0.773 
weight:  0.400 

1.  Roof;  0.670 
weight;  0.125 

2.  Flooring;  0.890 
weight:  0.125 

3.  Exterior  closure:  0.900 
weight:  0.125 

4.  Interior  closure;  0.560 
weight:  0.125 

5.  Structure;  0.780 
weight:  0.125 

6.  HVAC;  0,880 
weight:  0.125 

7.  Electrical  (physical):  0.700 
weight:  0.125 

8.  Plumbing  (physical):  0.800 
weight:  0.125 
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ABBREVIATIONS  AND  ACRONYMS 


ACTS  Army  Criteria  Tr!u:king  System 

A£I  Architectural  and  Engineering  Instruction 

AHP  analytical  hierarchy  process 

AR  Army  Regulation 

ASTM  American  Society  for  Materials  and  Testing 

BQ  Building  Condition  Index 

DCIS  Design  Criteria  Information  System 

DOD  Department  of  Defense 

DR-REAL  Desktop  Resource  for  Real  Property 

FQ  Functional  Condition  Index 

IFS-M  Integrated  Facilities  System-Mini/Micro 

IPDB  Intelligent  Project  Development  Brochure 

M&R  maintenance  and  repair 

MCA  Military  Construction,  Army 

MRPM  MaintenatKe  Resource  Prediction  Model 

NEPA  National  Environmental  Policy  Act 

NFPA  National  Fire  Protection  Association 

OSHA  Occupational  Safety  and  Health  Administration 

PDB  project  development  brochure 

RPLANS  Real  Property  Planning  and  Analysis  System 

USAGE  U.S.  Army  Corps  of  Engineers 

USA(£RL  U.S.  Army  Construction  Engineering  Research  Laboratories 
USAREUR  U.S.  Army,  Europe 
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